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FOREWORD 


This book, Planning and Analyzing Teaching, is a seminal piece written especially 
for teachers to help them understand Variation theory and Learning study as a theo- 
retical lens they can use to plan and analyze their teaching in powerful ways to 
enhance student learning. Learning study draws inspiration from Japanese Lesson 
Study’s iterative cycles of critical inquiry, collaborative planning, observations of 
research lessons, reflections, and improvements but adds to this process a way for 
teachers to help students discern what is taught by focusing on the critical aspects 
of the objects of learning in lessons. Teachers are often faced with a recurrent prob- 
lem in their practice of why some of their students are not able to grasp what they 
are teaching or did not learn what they intended. Identifying the critical aspects of 
the objects of learning and using Variation theory as a tool for making them visible 
through their teaching is not an easy task for teachers. This book recognizes this 
challenge for teachers and has explained Variation theory in ways that are acces- 
sible to teachers, clarifying what an object of learning is and how central it is for 
teachers to discern it carefully as they planned their teaching toward necessary 
conditions for learning from the learner’s perspective and making that as a starting 
point. This is where the shift is needed for teachers as often they view lessons from 
a teacher’s perspective and reduce an object of learning to specific content-related 
educational objectives. Using Variation theory also helps teachers to analyze the in- 
tended object of learning (what is planned) and compare it with the enacted object 
of learning (what was made possible to learn) and lived object of learning (what 
the students have experienced and learned). Such analyses in examining these re- 
lationships are powerful in helping teachers make improvements in their practice 
and close gaps to improve student learning. This book made clearer how variation 
is the key for learning as it makes critical aspects of an object of learning visible to 
learners and how this is different from the induction process of learning. 
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But how can this theory be understood by teachers? This book is replete 
with examples from pre-school to college from various subjects (mathematics, 
history, Swedish language, Cantonese language, English grammar and reading 
comprehension, chemistry, physical education, natural science, technology, eco- 
nomics) to help teachers concretize their understandings and bring these ideas 
into experimentation in their classrooms. It is also evident in the examples pro- 
vided how important it is for teachers to collaborate as a community of inquirers 
to explore the meanings of the critical aspects of the object(s) of learning during 
the planning process, observe carefully, and gain further insights of critical as- 
pects (if any) in the enacted object(s) and the lived object(s) of learning in their 
analysis. This plan-do-see-share cycle is integral to lesson study protocols. It is 
in working together that we learn together. It is also important to make public 
what teachers have learned from a Learning study so that the results of a Learn- 
ing study can be further explored, tested, and refined by other teachers working 
on the same topic. 

We want to congratulate the authors of this book for rising to the challenge 
of making Variation theory accessible to teachers as well as to researchers who 
are unfamiliar with Variation theory and Learning study. The ideas and examples 
shared in this book that included fine-grained analyses are powerful. We want to 
encourage readers to seriously consider these ideas and experiment with them in 
their practice. The WALS-Routledge Lesson Study Series is pleased to support 
the publication of this book which will prove to be a primer for those interested in 
implementing Learning Studies around the world. The WALS Lesson Study series 
provides an opportunity to showcase the excellent work of educators and research- 
ers who will employ Lesson Studies to improve teacher and student learning and 
increase not just the intellectual capital but also social-emotional and cultural capi- 
tal in schools, colleges, and universities. 

Christine Kim-Eng Lee 
National Institute of Education, Nanyang Technological University, 
Singapore WALS-Routledge Editorial Team 


PREFACE 


The authors of this important book have played a seminal role in developing a 
theory-informed approach to a form of classroom-based teacher research, which 
originated in Japan and subsequently became globally characterized as Lesson 
Study. To effect significant pedagogical change in classrooms, this form of teacher 
research has emphasized the importance of iterative cycles of action and research 
conducted collaboratively by professional groups of teachers. In these respects, the 
Lesson Study method has challenged the culture of individualism, which has tra- 
ditionally shaped the practice of teaching in western societies and much of which 
now passes as teacher action research. However, as Stigler and Hiebert claim in 
“The Teaching Gap” (2016, p. 5), “much of the theory behind Lesson Study in 
Japan is implicit and also bound up with wider beliefs about teaching and learning” 
in Japan. 

As Lesson Study has globalized, there has been a growing awareness of a need 
for the practice to be informed by an explicit theoretical framework, which ex- 
plicitly links Lesson Study with the task of improving the quality of teaching and 
learning in classrooms. In the context of large-scale post-colonial curriculum re- 
forms in Hong Kong, lesson study emerged as a form of teacher action research 
that was informed by a theoretical framework developed from phenomenographic 
research in Sweden (see Marton & Booth, 1997). This research focused on the 
ways learners experienced the lesson content they were taught in classrooms and 
generated a form of grounded learning theory that became known as Variation 
theory. A group of professional researchers in Hong Kong led by Lo Mun Ling felt 
that contemporary Lesson Study in Japan tended to focus more on teaching meth- 
ods and less on the experience of learners in classroom settings. In collaboration 
with visiting researchers from Sweden led by Ference Marton, a co-author of this 
book, a hybrid version of Lesson Study was created by blending it with principles 
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of lesson planning and analysis derived from Variation theory. It became known 
as Learning study in both Hong Kong and Sweden. Increasingly examples of such 
hybrid lesson studies can be found in many countries. There is a growing need for 
teachers globally to have access to a well-organized and readable account of Vari- 
ation theory as a general cross-curricula resource they can use when planning and 
analyzing lessons together. Planning and Analyzing Teaching — Using the Variation 
theory of Learning stands out as meeting such a need. Its authors have played a 
major role in helping teachers to use Variation theory as a resource for structuring 
their work in classrooms in ways that deepen their learner’s understanding of the 
objects of learning that make up a curriculum. The book is peppered with examples 
of learning studies selected to illustrate and indeed test the usefulness of particular 
concepts and principles in planning and analyzing “lessons”. 

This book is particularly significant in providing teachers with a vision of how 
they can take responsibility for improving the quality of their work through re- 
searching and theorizing their practice in classrooms. In this respect, it tacitly high- 
lights Lawrence Stenhouse’s idea of the teacher as researcher as a work that is still 
in progress and indeed constitutes a fitting sequel to his own seminal 1975 text, 
entitled “An Introduction to Curriculum Research and Development” (Heinemann 
Educational). 

Stenhouse developed a concept of teacher research in the context of the school- 
based curriculum reform movement in the UK over 60 years ago. This concept also 
embraced an iterative and collaborative model of the research process. Stenhouse 
also felt a need to develop an explicit pedagogical theory as a necessary condi- 
tion of realizing a curriculum and pedagogical planning process, which possessed 
these qualities in a context that was increasingly dominated by the objectives model 
of planning. For Stenhouse practical theorizing involved teachers in a process of 
systematically structuring their understanding of their work in a form that enabled 
them to discuss their work in classrooms with each other. Thus, he argued, “a com- 
mon vocabulary of concepts and a syntax of theory need to be developed” (p. 157). 
Such a general theoretical framework, he believed, would need to both capture and 
express teachers’ understanding of their work in classrooms. It would therefore 
consist of “concepts which are carefully related to each other”. Variation theory, as 
depicted in Kullberg, Ingerman, and Marton’s book (see Chapter 3), coherently sets 
out the kind of conceptual vocabulary and syntax of theory that Stenhouse called 
for as support for teacher researchers. He emphasized that the development of such 
a theoretical syntax would not be based on any need to generalize beyond life 
in classrooms as teachers and learners experienced it, but rather help them better 
understand that experience. The framework set out in this book has precisely this 
function. Moreover, Stenhouse claimed that the appropriateness and utility of any 
theoretical syntax should be tested in use and provisional. Professional research 
workers may play a major role in its development, but they would need to col- 
laborate with teacher researchers in testing its appropriateness and utility. Teachers 
will also play a generative role in the development of a usable theoretical syntax. 
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Again, this book exemplifies such a collaboration between professional researchers 
and teacher-researchers engaged in Learning Studies. 

Stenhouse’s argument for the development of a theoretical syntax to structure 
teachers’ research was based on his claim that the growing influence of an objec- 
tives model of curriculum planning would distort the nature of understanding as an 
aim of education and pedagogical goal. He proposed an alternative process model 
of curriculum design, which conceptualized the relationship between understand- 
ing as a pedagogical aim and the teaching-learning process in non-instrumental 
ethical terms. He pointed out what he believed to be two important implications of 
this pedagogical aim: 


First, it is implied that that both teachers and students develop understanding, 
that is, the teacher is cast in the role of a learner. Second, understanding is 
chosen as an aim because it cannot be achieved. Understanding can always be 
deepened. Moreover, there must always be dispute as to what constitutes a valid 
understanding. 


(p. 94) 


A process model involved analyzing such an aim into principles of procedure 
governing the way teachers handled curriculum content in an educationally worth- 
while manner with learners in their classrooms. Such principles furnished quality 
criteria for teacher research in classrooms. 

Variation theory, as set out in this book, can be viewed as a framework of con- 
cepts and principles that map out a process of “teaching for understanding”. Its 
view of “the nature of understanding” has much in common with Stenhouse’s con- 
cept. It is clearly underpinned by a process model as opposed to an objectives 
model of educational planning and research. The publication of this book will pro- 
vide teachers in many countries with an opportunity to realize “a higher degree of 
personal and professional development” as teacher researchers than the technical 
operative model currently on offer in many educational systems. 

John Elliott 
Professor Emeritus, University of East Anglia 
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TOWARD POWERFUL LEARNING 
OPPORTUNITIES 


The traditional Japanese lesson study became widely known and practiced when 
James Stigler and James Hiebert published the international bestseller The Teach- 
ing Gap in 1999. In a lesson study, teachers with similar responsibility and compe- 
tence plan a lesson of their choice together. One of them teaches the lesson, usually 
to her own class, while her colleagues follow his/her teaching and make notes. 
After the lesson, the involved teachers discuss what they have seen and heard. The 
lesson plan is modified in accordance with what the teachers have learned from the 
first attempt. Then another teacher teaches the modified lesson to her own class, 
eagerly observed by his/her colleagues. Another round of discussion follows, this 
time concerning the second lesson. The lesson study is finished when the teachers 
have documented both the lessons and their conclusions. 

The idea of the lesson study made a strong impression on our research group. 
One of us was in Hong Kong when Stigler and Hiebert’s book was published. As 
a big curriculum reform was taking place at the time, there was a lively interest 
in the lesson study there too. All of a sudden, there was a research group in Hong 
Kong, in addition to the one in Sweden. We quickly doubled the size of the re- 
search group and joined together in a most spectacular research project with the 
title “Catering for individual differences through learning study”. The project was 
initiated and carried out in Hong Kong, but similar research activities quickly fol- 
lowed in Sweden. In 2006, the World Association of Lesson Studies (WALS) was 
established in Hong Kong. As mentioned earlier, learning study was inspired by 
lesson study. The two are very similar, but there are also important differences. 
First, learning study builds on a theoretical ground, the variation theory of learning. 
Second, it is not coupled to the lesson as a unit, since it may focus on a lesson, a 
part of a lesson, or a sequence of lessons. This book has its roots in the lesson study 
and learning study movement. 
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2 Toward powerful learning opportunities 


In this spirit, this book is for teachers and researchers who want to find powerful 
ways of helping students learn. A central thesis in this book is that answers to such 
pedagogical ambitions are to a large degree dependent on what content the teaching 
and learning concern. Therefore, the book focuses on how the content is handled 
by the teacher and students in a lesson and how that affects what is made possible 
for students to learn. 

Teaching and learning are, however, often discussed on a general level, for ex- 
ample, whether digital learning or group work benefits students’ learning or how 
established norms in the classroom affect students’ behavior. We argue that regard- 
less of which teaching arrangement is used or what norms are established in the 
classroom, attention needs to be paid on a more detailed level to how the teacher 
can make learning possible. As Jerome Bruner wrote in the late 1990s, “[it] is 
somewhat surprising and discouraging how little attention has been paid to the in- 
timate nature of teaching and school learning in the debates on education that have 
raged over the past decade. These debates have been so focused on performance 
and standards that they have mostly overlooked the means by which teachers and 
pupils alike go about their business in real-life classrooms — how teachers teach and 
how pupils learn” (Bruner, 1996, p. 86). 

These general trends share the trait that they point to generic structures, ap- 
proaches, or theories as the way forward. We agree with Bruner that much more 
attention must be paid to the contextual nature of teaching and learning without 
losing sight of structural factors or disregarding the knowledge of teachers. Since 
the beginning of the 2000s, lesson study and the emphasis on teachers’ collabora- 
tive work have been ways to move toward focusing on observations of teaching 
and learning in the classroom. We think, however, that more attention needs to be 
paid to the content taught and learned on a finer-grained level. This relates to the 
fact that the dilemmas teachers are faced with in the classroom regarding students’ 
learning, and how this may be facilitated by teaching, fundamentally reflect the 
nature and structure of the specific knowledge that is at stake. More than 20 years 
of research has shown us how students’ learning opportunities for a specific con- 
tent can be planned and analyzed on a level that is useful in teaching. We believe 
that teaching as a profession would be more strongly equipped with the key in- 
sights from this research. 

The relationship between teaching and learning is sometimes regarded as a 
“black box” since it is difficult to specify in detail how teaching affects students’ 
learning. Most teachers have experienced times when the students did not learn 
what they intended, even if they have taught a well-structured lesson. Why did 
the students not learn or learn something other than what the teacher had in mind? 
There may be various explanations for why the students did not learn what was in- 
tended by the teacher. For example, the students’ pre-knowledge was not sufficient, 
or maybe the students did not pay enough attention during the lesson. These could 
be valid explanations but may also not tell the whole story. How can students’ 
learning be enhanced? This book gives leverage to teachers and researchers who 
aim to enhance student learning. 
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We intend that this book will provide answers to such principal questions about 
teaching and learning that are directly useful in the classroom. The book aims to 
show how teachers can develop practice and enhance student learning by plan- 
ning and analyzing teaching using a learning theory called the variation theory of 
learning. The theory was developed in the late 1990s based on 30 years of research 
within the phenomenographic research tradition (Marton, 1981; Marton & Booth, 
1997), which explores different ways that students understand the same phenom- 
enon (e.g., numbers, price, force, critical thinking). 

How can the theory described in this book be beneficial for understanding rela- 
tionships between teaching and learning? Why is a theory needed to plan and ana- 
lyze teaching? Can a theory help to enhance student learning? The variation theory 
of learning helps us to better understand the relationships between teaching and 
learning by suggesting a mechanism of learning. It can be used as a tool for plan- 
ning and analyzing teaching. The theory directs attention toward what is taught and 
learned, how students experience what is to be learned, and how the content taught 
can be systematically enacted in lessons. Large number of research studies have 
found the theory useful for teachers in planning and analyzing teaching (Cheng 
& Lo, 2013). This book covers many school subjects and provides examples of 
teaching from preschool to upper secondary school. In this chapter, two questions 
that are important points of departure in this book are posed: How do learners ex- 
perience what is taught? and What is made possible to learn in an act of teaching? 


How do learners experience what is taught? 


Understanding how students experience (perceive, make sense of, understand) 
what is taught is not always an easy task, but is decisive for teaching and student 
learning. In the following episode, a preschool teacher and three 5-year-old chil- 
dren are sitting around a table talking about story problems in mathematics'. The 
intention is that the children should learn to solve subtraction tasks with five, for 
example, 5 — 4=, using finger patterns to model the task. One of the children, Mike, 
gives voice to an understanding of the meaning of numbers in a way that is quite 
different from the other children in the group. When the teacher shows one finger 
on the right hand, Mike answers that it is ten. 

When you read the following excerpt, think about what you would do if you 
were the teacher. You may think this child is too young or is not mature enough to 
deal with these subtraction tasks, that he is only guessing, and if the teacher tries 
next year, he will answer differently. Maybe you have thoughts about whether the 
teacher should continue asking Mike when he does not know the answer. What 
would you do? What do you think needs to be taught and learned for Mike to de- 
velop his understanding of numbers? 


Teacher: Four bears ran away. How many are left? 
Mike: [Folds two fingers first and then unfolds them and shows five fingers. | 
Five 
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Teacher: 


Mike: 
Teacher: 


Mike: 
Teacher: 
Amy: 
Mike: 
Amy: 
Teacher: 
Mike: 
Teacher: 
Mike: 
Teacher: 
Mike: 
Teacher: 
Mike: 
Teacher: 
Mike: 
Teacher: 
Mike: 
Teacher: 
Mike: 
Teacher: 
Mike: 
Teacher: 
Mike: 


Teacher: 
Amy: 
Mike: 
Teacher: 


You have five bears, four ran away, how many are left? [The teacher 
shows five fingers and then folds four fingers. She holds up one finger. | 
Then it is... 

Look at my hand, and I will help you. You have five bears, four ran 
away, how many are left? [The teacher folds four fingers and shows the 
little finger.] 

[Shows his little finger.| Ten 

How many was it? 

Ten means ... 

Ten 

No 

But there weren’t ten from the beginning? 

Okay 

It was five bears. 

Okay then, five bears, four went away. 

Now four bears went away, how many bears were left? 

Then it is. I don’t know. 

[Shows her little finger.] How many is this? 

Ten 

This. [Holds up her little finger.| 

Ten 

How many fingers am I showing? 

Ten 

One 

Ten 

It is only one finger. 

Ten 

Now it is ten. [The teacher shows ten fingers. | 

Look! [The child counts and points at the teacher 8 fingers.| One, two, 
three, four, five, six, seven, eight, nine, ten. There! (...) 

Do you mean this one’s name is ten? 

No 

Yes 

Is this what you mean? [Points to each finger starting from her left- 
hand side.| One, two, three, four, five, six, seven, eight, nine, ten? 


We believe learners give rational answers and that these answers can be ex- 
plained if we understand how they perceive the phenomenon being taught, such as 
numbers and subtraction. At the end, the teacher in the excerpt seems to pinpoint 
how Mike understands numbers. For Mike, numbers do not represent quantity 
(how many). He may know that five is one hand (five fingers), but this could be 
just an image of five. His answer “ten” illustrates that he connects the little finger 
to the tenth finger. Hence, he has discerned the correct order of the numbers one 
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to ten (ordinality), but he does not yet connect the number ten to all fingers on two 
hands. The example illustrates the importance of being sensitive to how learners 
understand what is taught in order to be able to adapt the teaching so that it is pos- 
sible for the learners to learn what is intended. In this case, Mike needs to learn the 
cardinality of numbers (e.g., that ten represents all ten objects) before starting to 
do addition and subtraction with numbers. What does the teacher do to bring out 
this aspect (cardinality) in order for Mike to have the opportunity to experience it? 
After the situation described in the excerpt, the teacher varies the finger she holds 
up to represent one, saying, “This is one [holds up index finger], this is one [holds 
up middle finger], this is one [holds up ring finger]”. In this way, Mike may experi- 
ence that one is not the tenth finger; one can be any one finger. When the teacher 
contrasts one and ten fingers, and later how one could be represented differently 
by different fingers, we would argue that it was made possible for Mike to discern 
that ten is not the tenth finger (one finger). The teacher in the excerpt appears to 
pinpoint how Mike seems to understand numbers and she could respond in teach- 
ing to his way of experiencing numbers by showing the difference between one 
and ten fingers. 

It is, however, not always the case that the teacher understands in the moment 
how the learner understands what is to be learned. Sometimes it is not until after 
the lesson that the teachers realize what a particular answer entails, or it could be 
the case that the teacher does not understand even if she tries to. It is not easy to 
understand what the learners have and have not yet discerned. We can approach 
this by taking their answers seriously and reflecting on the reasoning that might be 
behind a particular answer. Teachers of all grades and subjects can make learning 
possible by identifying which aspects of the particular object of learning need to 
be discerned by the learners and making these aspects visible in teaching. We call 
these aspects critical aspects of the object of learning. 


What is made possible to learn in an act of teaching? 


The starting point in this book is that learning, in general, is constituted by learning 
about specific things, rather than the other way around. Teaching is central in mak- 
ing student learning possible, even though learning cannot be taken for granted. 
This book advocates the following two necessary components in finding and facili- 
tating more powerful possibilities for learning: First, to be clear what the intention 
is regarding what the teaching should make it possible for the students to learn 
(the object of learning), and to plan for realizing this, for example, on the basis of 
knowledge of how learners may perceive what is to be taught. Second, to observe, 
evaluate, and analyze what is made possible to learn about the intended object of 
learning during a specific lesson. 

Common teaching practice may not include identifying what was made pos- 
sible to learn in a lesson and comparing that to what was specifically intended 
that the students should learn, beyond the impression the teacher has from the act 
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and event of teaching as such and from assessing the students’ knowledge at some 
point. It takes effort and courage to look more closely into what may be learned in 
a lesson, and even more so to compare a specific lesson or act of teaching to other 
acts of teaching sharing the same intentions. However, it is often fruitful for being 
systematically innovative and finding ways of altering teaching that are productive 
for students’ learning. The result is often that there are clear differences in what 
we as teachers think happened and what actually happened in the lesson, and it is 
precisely this difference that is productive. This is also true when the teacher has 
high ambitions and considerable competence as a teacher. 

The following examples will illustrate what an object of learning may encom- 
pass, different ways of realizing it, what may be learned from observing and ana- 
lyzing what is enacted in the classroom, and possible conclusions on how future 
lessons focusing on the same object of learning might be changed in order to further 
improve the students’ possible learning. The examples are drawn from a teacher- 
researcher collaborative study in the context of history teaching in Swedish upper 
secondary school (Lilliestam, 2013). 

The history curriculum in Sweden mainly focuses on sequences of events 
and context-specific concepts in relation to such sequences. The overall aim of 
the teaching theme was to broaden this traditional focus and develop students’ 
ability to take into account explanatory factors in historical development using 
meta-concepts in the form of explanatory factors, such as, in particular, agent 
and structure, to support a focus on causes behind events and to be less tied to the 
sequence of events as such. This is challenging for teachers to teach as well as 
for students to learn. The concepts of agent and structure should be understood in 
this context as interdependent, but clearly concepts that express the perspective 
that humans make their own history. Human agents are social and societal be- 
ings acting and shaping their world, given the limits of structures that are a part 
of the physical world as well as the social world, objective as well as subjective, 
and that are the residual effects of previous events and acts of historical agents. 
In the context of teaching in this study, the agents that are considered are mainly 
historical agents (people) who have had impact on the structures of their time 
and are part of a discussion that sheds light on the unfolding of relevant histori- 
cal events. 

The two examples below are drawn from a series of lessons enacted in two 
different classrooms by two different teachers. This first lesson focuses on two 
objects of learning: That students should get to know about the course of events 
around Napoleon’s life, rise to power, and fall, and that students should develop 
their ability to discuss the interplay between agents and structure in the context 
of the French Revolution and Napoleon. The first object of learning is well in line 
with the traditional curriculum while the second targets the more abstract meta- 
concepts. In the discussions before the lesson in the researcher-teacher group, em- 
phasis was on the importance of the second object of learning. However, it turns 
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out that the lesson was dominated by the events of Napoleon’s life, as the follow- 
ing extract illustrates: 


Teacher: They usually call it the scorched earth tactic [...]. When Napoleon 
comes, the Russians... Napoleon travels easily, they don’t have much 
provisions with them, but they think they are eating along the way 
somehow. And the Russians’ countermovement is to withdraw. [...] 
Sometimes you have battles, but the Russians retreat and retreat. Napo- 
leon had 600,000 soldiers with him. When Napoleon leaves, Russia has 
100,000 soldiers left. [...] By retreating and burning food that could be 
eaten, of course there wasn’t much to eat. 


In other parts of the lesson, it is mentioned that Napoleon was short and came 
from a poor background, was young and charismatic, and was a skilled field com- 
mander and tactician, thus placing an emphasis on Napoleon as a person. Some 
factors were also pointed out that made Napoleon’s rise to power possible, such 
as allowing officers who were not from a noble background as well as the fact that 
promotions were frequent in wartime. During the lesson, the teacher also makes 
comparisons to similar situations in other eras, for example, with other powerful in- 
dividuals such as Caesar. All in all, what is brought to the fore in the lesson is Napo- 
leon’s life and career. He is portrayed as the hub of events, and his personal actions 
are decisive for the course of events and for societal changes. In contrast, for exam- 
ple, the Russians are discussed as a collective of a country, without any individuals 
at all being mentioned. Napoleon is thus implicitly portrayed as a strong individual 
agent, but structures in relation to the actions of Napoleon and causal relationships 
are not pointed out, even though they are present in the background. Thus, what is 
primarily possible to learn concerns the narrative of Napoleon’s life, which is also 
in line with what students might expect from previous history teaching. It would be 
possible for students to discern the explanatory concepts of agent and structure, and 
the shape they take in the presented events, but that would require the students to 
extrapolate from other lessons where this might have been more prominent. 

The next example is taken from a different classroom taught by another teacher. 
This lesson shares the central aim of the lesson in the previous example, trying 
to develop the students’ understanding of agent and structure, but in a different 
and more complex historical context. More precisely, the lesson focused on two 
objects of learning: The ideas of the enlightenment and that ideas may be under- 
stood as structural factors. Beforehand, the teacher thinks that the enlightenment 
era is particularly well suited to focusing on ideas since ideas clearly have a role 
in societal development, in contrast to earlier eras (e.g., the 14th century when 
natural determinants such as climate are central as explanatory factors for develop- 
ment). The teacher also thinks that during this historical period, many new agents 
(e.g., philosophers and women) emerged when individuals got a larger degree of 
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freedom. However, enacted in the classroom, agent and structure were even more 
in the background than in the previous lesson example. 

The teacher starts the lesson by asking about the ideas of Montesquieu, Voltaire, 
and Rousseau on how a society should be governed, in contrast to ideas covered 
earlier. 


Teacher: Regarding political structures, in the last lesson we talked about three 
[philosophers]: Montesquieu, Voltaire, and Rousseau. How do they 
want society to be governed differently to how it has been governed 
before? 


When no student answers the question, the teacher continues by bringing up one 
of the philosophers instead. 


Teacher: | What does Montesquieu propose? 

Student 1: Wasn’t that about power sharing? 

Teacher: Yes. 

Student 1: Government, parliament, and courts. 

Teacher: So now I am elaborating on your homework. He proposes a separation 
of power where there is a government, a king, who exercises power. 
[...] A parliament that controls the power, and then there are courts 
that check whether the parliament makes laws that are valid and con- 
sistent with the constitution. 


The teacher elaborates on Student 1’s answer “government, parliament, and 
courts” by showing the function of and connection between the government, 
parliament, and courts. He continues the discussion by introducing an aspect of 
democracy. 


Teacher: Montesquieu is not a fully-fledged democrat, but he wants it expanded. 
He wants the educated bourgeoisie to participate and vote. Before that 
there is no democracy in Europe. But now suggestions for this emerge. 


Teacher then moves on to Voltaire. 


Teacher: Voltaire that you have read about earlier, what does he think? [about 
how society should be governed] 

Student 2: Everyone should be allowed to have an opinion. 

Teacher: He thinks there should be freedom of opinion. 
[Student 2 voices one of Voltaires central ideas, freedom of opinion. 
The teacher asks again about forms of governance.] 

Teacher: But how does he think a society should be governed? Who will decide 
and why? 
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In the excerpt, the students do not respond to the teacher’s question and remain 
silent. The teacher tells the students that this was the students’ homework to know. 
In the end, the teacher gives the answer himself and then develops the idea of 
enlightened despotism, evaluating Voltaire in terms of democracy, elaborating on 
Rosseau’s view on how society should be governed, and his critique of civilization. 

In this lesson, the historical content knowledge is in focus, similar to the previ- 
ous example, here giving examples of the ideas of the enlightenment philosophers 
(which had also been covered in previous lessons). The teacher intended that the 
students should get the opportunity to develop their understanding of ideas as a 
structural factor and to meet new kinds of agents, such as women. However, the 
concepts of structure (here ideas) and agent (here philosophers) are only present in 
the background, while the specific philosophers are brought to the fore relatively 
independently. The students must themselves infer that change in ideas can be seen 
as a structural factor and that philosophers are agents who can initiate changes in 
the pattern of ideas. The object of learning as it is enacted is thus on the level of 
specific philosophers and, in relation to ideas, on the level of explanatory factors. 

When the teaching about the theme was finished, a comprehensive test was 
carried out (the same in both classrooms featuring in the examples), where one of 
the questions directly concerned using agent-structure in discussing events in the 
context of Napoleon. Both classrooms had teaching about Napoleon, as well as 
the concepts of agent-structure. In the classroom from the second example, only a 
few students were able to make use of agent-structure in their discussion, and then 
usually with one type of factor tied to either an agent or a structure, for example, 
pointing to the good quality of the French army at this time. In the case of the class- 
room from the first lesson example, there was a larger percentage of the students 
who were able to make use of agent and structure in their discussion, and in some 
cases, the students’ discussion was more complex, implicitly or even explicitly re- 
lating different factors to each other, for example, relating the conditions after the 
French revolution, when those born on French soil could take up any occupation, 
to Napoleon’s capacity for taking risks and acting in smart ways. 

It is not possible to draw definite conclusions from the student test regarding 
what the students learned in the particular lesson described, but there are clear 
indications that the students mainly learned about the object of learning that was 
the focus of the lesson (Napoleon’s life and events surrounding this), but that it 
was also possible to learn something about agent and structure. Discerning agent 
and structure seem to have been more difficult when meeting these concepts in the 
more abstract form of ideas and philosophers. As stated above, the aim of the 
teacher-researcher collaborative study was to develop the students’ ability to use 
the concepts of agent and structure as explanatory concepts when discussing his- 
torical events. Having investigated what it was possible to learn in the lessons as 
described above, the key question to ask at this point is how to find (more) power- 
ful ways to facilitate students’ learning, in this case about agent and structure, and 
to go even further than what was done in this study. 
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From the two lessons described, it may, for example, be helpful to make the use 
of agent and structure more explicitly in the lessons. For instance, what is, and what 
is not, an agent can be pointed out. Moreover, a variation of different agents and 
then of different structures in the events may be shown, and afterward explicitly 
explaining how the development of an event can be described as an interplay of 
agents and structures using several factors simultaneously. In such discussion, it is 
key to make use of the terms agent and structure. This may be described by saying 
that the intended learning — which we call the object of learning — must be clearly 
articulated and thoroughly understood by the teacher and that the teaching should 
offer explicit opportunities to precisely discern the important parts and meaningful 
whole of this object of learning. 

As we have illustrated above, the concepts of agent and structure as an object of 
learning are challenging for teachers to teach as well as for students to learn. There 
are neither established ways of teaching nor in a more detailed way fully clear what 
understanding agent and structure entails. In this way, it constitutes an example of 
a dilemma or unresolved issue for pedagogical practice. Such dilemmas, where 
a resolution is not straightforward, are important examples that the approach we 
present in this book can offer productive ways to resolve. That is, we suggest that 
attending to planning and analysis of teaching provides both a pragmatic and sys- 
tematic way forward. This example thus serves the purpose of giving body to the 
dilemma and illustrating some steps on the path to a successful resolution. 

In the next chapter, we will look more closely at the object of learning and how 
this concept can be used for planning and analyzing teaching. 


Note 
1 FASETT project (see e.g., Bjorklund et al., 2021). 
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THE OBJECT OF LEARNING 


In this chapter, we describe foundational ideas about learning that this book builds 
on. We are using the verb “to learn” to refer to changes from not being able to do 
something to being able to do it. Pedagogy is about making such changes pos- 
sible. Learning is always the learning of something and the point of departure for 
our pedagogy of learning is the question “What is to be learned?”. The generic 
answer to this question is “the object of learning”. The object of learning refers to 
the capability to be learnt and the aspects that the learner needs to discern in order 
to master it. The objects of learning we take an interest in have a clear scope, are 
distinct from other objects of learning and are possible to articulate (and typically, 
to warrant teachers’ and researchers’ attention, they should present somewhat of a 
challenge to most learners). 

Objects of learning may range from the ability to flexibly see wholes and parts 
of natural numbers up to ten and the addition and subtraction of negative numbers, 
across experiencing three dimensions in two-dimensional representations of mol- 
ecules and their stereochemical properties, to dealing with price in everyday situ- 
ations as a function of supply and demand, or reasoning about historical events in 
terms of important agents and structural factors. 


The object of learning reflects meaning 


The object of learning has a central role in the tradition in which this book is an- 
chored. Taking the object of learning as the focal point of learning and teaching im- 
plies that other components of the educational context considered are not put into 
focus and require that certain outcomes are more valued than others. This implies 
that the object of learning cannot be reduced to having an instrumental role or the 
function of a content label, but is the tip of an iceberg of professional and scientific 
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knowledge. As such, the object of learning is a theoretical notion with considerable 
depth. This chapter will briefly introduce some of the underlying reasoning. How- 
ever, to appreciate the full depth of this underpinning, a broader reading of some 
of our previous publications is recommended (see, in particular, Marton, 2015; 
Marton & Booth, 1997; Marton & Tsui, 2004). It is our ambition that a detailed 
understanding of the theoretical aspects should not be necessary to appreciate the 
concepts and the approach presented in the following chapters, but rather that they 
are accessible and applicable for immediate classroom experimentation. 

Our theoretical starting point in this book is that we as humans experience the 
world (the physical world, our shared human world and society, and our individ- 
ual human world) as constituted in terms of meaningful entities — and act in ways 
reflecting our experience. We assume that our acts, in particular in educational 
contexts, are intertwined with how we experience or understand the situation and 
phenomena in it, even though the relationships between understanding and acts 
may be non-trivial, bidirectional, and distributed in time. In each given situation, 
some things are more central to one’s experience, while others are in the margin 
(or in Gestalt psychology terms, some things constitute the “figure” while others 
constitute the “ground”). Such figural things we call phenomena (in the phenom- 
enological sense). This implies that we may be aware of many things at the same 
time, but not in the same way at all times. For example, you may be aware of the 
music playing in the room next door, while focusing on making meaning of the 
argument in this text. 

These theoretical notions also reflect us as embodied beings and connect to the 
affordances and restraints of bodies, senses, and memory. Drawing on a phenom- 
enological perspective, this connects to the idea that we as actors (whether we are 
students, teachers, or researchers) are experiencing the world and events in that 
world from our bodily perspectives, with the possibilities that our ability to move, 
our biological capacity to see and perceive patterns, as well as the structure of our 
memory (in terms of both our general capacity to form memories and individual 
currently held memories). It also implies that we are not alone in understanding our 
world, but share the inclination to make meaning with our fellow humans, and that 
we, in different ways, support each other in that endeavor. 

This may be illustrated with a landscape metaphor. When in nature, we ori- 
ent ourselves by identifying distinctive elements of the landscape (a hill, a forest, 
etc.) that convey meaning in relation to finding our way or finding out where we 
are, while other things are marginal, for example, individual trees, stones, and the 
weather. A shift in the weather conditions or a short walk to another position may 
shift our perspective and bring other parts into our awareness, while others shift to 
the margin. 

Similarly to how one orients yourself in a landscape, we focus on learning that 
is operating on this intermediate level of perception. What is to be learned is then 
a question answered at the same level (not at the level of details — trees — nor on 
the level of different landscapes). Learning has consequences in terms of a shift 
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in meaning and thus in how we perceive the world or a part of it (a phenomenon). 
Learning also has a direction and newness, primarily relating to coming to rec- 
ognize something not previously recognized. In every new situation, we may of 
course re-establish a way of recognizing and extending the situations in which we 
recognize the same figure (different weather, slight shift in position, etc.). How- 
ever, this is not learning in the fundamental way that we primarily refer to in this 
book but a part of everyday meaning-making. 

The level of orienting in a landscape, recognizing different kinds of figures, 
perhaps relating to a map, 3D-shifting several figures in relation to each other, 
etc., is akin to learning on a domain (subject or knowledge area) level, with many 
individual parts. Learning about a specific object entails some of the larger domain 
but primarily concerns the individual part. When a number of different parts are 
known, the larger orientation may to some extent be the object of learning. 

Other similar figures may be part of our experience and contribute to the per- 
ceived meaning. Other landscapes with similar or strikingly different landmarks 
previously encountered may be important, and thus it is not only the immediate 
perceptual experience that forms part of how we perceive meaning and contributes 
toward our perceptions of a meaningful phenomenon. 

It may be very helpful if someone, for example, a guide, points out a distinc- 
tive figure in the landscape, and helps us to discern new aspects of the figure that 
allow us to distinguish it from other parts of the landscape and/or recognize it 
from new positions (closer, further away, different angles). When our perception 
is thus directed towards recognizing a particular meaning of this figure, it has been 
directed towards an object of learning corresponding to a (powerful way of seeing 
a) meaningful phenomenon. For example, recognizing a distinctive hill crest in the 
landscape may be very helpful in orienting us when taking our evening stroll. 

The guide pointing out the landscape here takes the role of the teacher, hav- 
ing identified (on his/her own or, for example, in line with conventions and local 
knowledge) that it is important to recognize a specific figure in a particular way. 
The learner perceives the landscape (and the figure embedded in it) in probably 
quite a different way, due to what is recognized of the figure and of the landscape. 
This kind of difference between the perspective of the teacher and the perspective 
of the learner of the object of learning is important to recognize when teaching and 
to take into consideration when planning and analyzing teaching. 


Characteristics of the object of learning 


From the perspective on teaching taken in this book, the object of learning is cen- 
tral, as an expression of what is encompassed by the learning that the teaching aims 
to bring about, and what the learner understands and is capable of doing as a result 
of that act of learning. It also points towards necessary conditions for learning, in 
terms of explicating what must be discerned in order to learn the specific object of 
learning. An object of learning is thus a target capability, a description both of what 
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the content of teaching is and elements of what are the necessary conditions in how 
that teaching may be organized in order for the desired learning to be possible and 
probable. An object of learning typically expresses an aim of teaching and learning 
that is reasonable to achieve across the span of one or a small number of lessons 
(which it is possible to appraise in more detail and maintain a specific focus on). 

An object of learning relevant for sixth-grade Swedish students learning Eng- 
lish may, for example, concern the use of the progressive aspect as one aspect of 
English grammatical structure (Lindström, 2017). Swedish, similar to a number of 
other languages, does not have a marked grammatical form for the progressive, and 
this kind of meaning is expressed in other ways. When learning English, it is often 
difficult for students to recognize the full meaning of the progressive form — and 
specifically the difference between J read this book and I am reading this book — as 
well as to appropriately judge when this form may and should be used. Lindstrém’s 
(2017) study shows how this object of learning (the ability to use the English gram- 
matical structure, the progressive aspect — and thus the difference in meaning and 
use of J was walking compared to I walked — in a syntactically and semantically 
accurate way) may be addressed in the teaching during a single lesson with a pro- 
ductive outcome, in terms of student learning. We will return to how Lindstrém’s 
study addressed this dilemma in teaching in Chapter 5. 

The object of learning was here formulated in relation to a specific school con- 
text and language context, but the articulation of the object of learning, as well as 
innovations in how it may be addressed in teaching, may be of direct relevance 
to another group of similar composition and level, even though it is difficult to 
strictly tie down the level of correspondence to a different situation. However, 
the contextual variation and specific setting may be of paramount importance in 
understanding what the conditions are both in terms of previous knowledge as 
well as relational dynamics present in the teaching setting. This relevance, but not 
exact equivalence, across different groups, is a foundational assumption in how 
the educational system is constituted. It also makes knowledge about an object of 
learning an important component in teachers’ professional knowledge, which may 
be shared and further developed together with colleagues. Formulating an object 
of learning is formative in developing and giving structure to both individual and 
collective professional (including scientific and systematically developed) teacher 
knowledge of what are necessary conditions for learning in relation to this particu- 
lar knowledge object. 

An object of learning is formulated in relation to a specific group of learners. 
For example, in the case of the progressive aspect mentioned above, the object of 
learning is formulated in relation to what is a challenging and appropriate step for 
the group to grasp across a single lesson (even though this may be ambitious, as 
seen in relation to normal educational standards). This also implies that an object 
of learning must encompass a clear view of the starting point (i.e., previous knowl- 
edge) for the group in question. Articulating an object of learning thus cannot be 
reduced to expressing a specific content-related educational objective. Educational 
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objectives are typically stated in the form of referring to a generic capability and 
specifying which content area this is related to. An example, taken from the Swed- 
ish current national school curriculum, is an educational objective for grade six: 
Being capable of showing basic knowledge about how light propagates and may be 
reflected using some relevant concepts and explanatory models. This may be used 
as a bar for assessment (even though we would argue that it is not straightforward, 
nor easily delimited in assessment). 

This can be illustrated with two related, but different, objects of learning regard- 
ing Cantonese. Marton and Pang (2013) and Pang and Marton (2013) (referring to 
a study by Ki et al. (2006)) describe how challenges for speakers of non-tonal lan- 
guages may be addressed when learning Cantonese. The central difficulty, and the 
object of learning, is to relate different pitches at the word level to different word 
meanings, which is different from non-tonal languages, where tones do not carry a 
specific meaning or carry significance at the sentence level. In the study, the speak- 
ers’ attention is first directed to focus on varying tones of words while the sound 
(segmental, not tonal) stays the same. Following this, words with (some) variation 
in both tone and segmental sound were attended to. Teaching was implemented 
across nine words (constituted across words with three tones in combination with 
three segments). This was more powerful than first focusing the speakers’ atten- 
tion on a variation of segments with the same tone (potentially making it easier to 
recognize the tone used and differentiate it from other sounds in the pronunciation). 
Thus, the central capability constituting the object of learning was that the speakers 
could give their undivided attention to the meaning of words connected to different 
tones. 

In Chik et al.’s (2010) study of young children, the object of learning was Chi- 
nese words in terms of their meaning and pronunciation as well as their written 
form. In contrast to the previous study, the central tenet of this object of learning is 
becoming able to see the whole of different words. Thus, the most powerful teach- 
ing to facilitate that was to simultaneously focus on the meaning, pronunciation, 
and written form of one word at a time rather than, for example, looking at sets of 
different words with the same pronunciation. In other words, the object of learn- 
ing was the meaningful whole, as brought out in teaching, of the word in relation 
to what may be understood as its constituent parts in the language. This illustrates 
how objects of learning about similar things may differ depending on the group, as 
well as that aspects of what is to be learned may strongly overlap, while the most 
appropriate strategy in teaching that most powerfully facilitates learning is differ- 
ent and can even be contradictory (as argued by Pang and Marton (2013)). 

Returning then to the characteristics of an object of learning, it is vital that an 
object of learning is understood in relation to a learner perspective (and the specific 
group of learners), even though articulated from a teaching perspective. It may 
be characterized as a target capability (defined as what a learner is able to do as a 
result of learning). This is closely tied to the domain (defined as part of a knowl- 
edge system such as a discipline) and the specific content that also characterizes 
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the object of learning. Further, an object of learning can also be characterized as a 
meaningful whole, as a phenomenon that it is possible to discern and explore from 
a learner’s perspective, using, for example, phenomenography. An object of learn- 
ing is often described primarily on one of these levels, but a full description en- 
compasses them all. Learning about an object of learning is not only a question of 
discerning that which is figural since this figure is in relationship to its background 
or surroundings. Thus, to fully describe an object of learning, something of what 
surrounds the object of learning — the context of the capability, the content, and the 
meaningful phenomena — also must be articulated. 

On all levels, the object of learning is delimited on an intermediate (meso) level. 
It does not bring into focus micro-level elements in themselves, such as choice of 
words or fragmented parts or individual learners in a specific situation. Neither is 
it reasonable to discuss an object of learning on a macro-level, such as understand- 
ing the nature of a discipline or knowledge area, or a very complex capability 
as a whole (for example, playing an instrument or solving advanced mathematics 
problems) or for all learners everywhere. For example, objects of learning that 
pertain to expanding your vocabulary, solving problems in science, constructing 
technological solutions, mastering algebra, or speaking Cantonese would typically 
be too broad to allow a meaningful discussion in the terms outlined, even though 
all of them may be examples of a broader domain in which an object of learning 
can be contextualized. 

In this way, the object of learning is both independent and delimited from other 
objects of learning, but at the same time, it has a contextual and dialectical relation- 
ship to the domain in which it is situated and other meaningful phenomena within 
it. Delimiting an object of learning in this way is reasonable from a pragmatic and 
professional perspective. To plan and analyze teaching and learning that spans one 
or a few lessons makes it possible to keep the whole in mind the whole time, while 
still being able to attend to details and their importance and meaning in relation to 
the whole. 


Further examples of objects of learning 


In the following section, we give some further examples of objects of learning in 
different subject areas. What may be an appropriate object of learning? In chem- 
istry, understanding the concept of the atom and its structure is an important and 
worthwhile object of learning. Park et al. (2009) identified a set of qualitatively 
different ways in which college students understood the structure of the atom. This 
set implies that an object of learning concerning the structure of the atom would be 
constituted in terms of a number of aspects for the students to discern: That atoms 
are divisible particles, that electrons circle the nucleus of protons and neutrons in 
orbits, that there are forces holding orbits together, that there is a possibility of 
multiple distinct orbits, that energy quantization is the basis for the distinct nature 
of the orbits, that probability is appropriate in describing the position of electrons, 
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that orbits are not singular but rather have an orbital shape in terms of probability, 
and finally that the quantum mechanical idea of the wave function can mathemati- 
cally describe the orbits. Hence, in order for students to perceive the atom and its 
structure in a powerful way, i.e., to master the object of learning, there are multiple 
aspects that the learner needs to discern. Some of these aspects may even be objects 
of learning in themselves. 

Learning a new language presents many challenges and students may, for ex- 
ample, struggle with reading a text in the new language due to the presence of 
many unknown words. A relevant object of learning in this case (Lo, 2012) may 
be reading strategies when faced with unfamiliar words such as, for example, us- 
ing context and transitional words to guess the meaning of words without using 
a dictionary. Another example might be the use of personal pronouns in English, 
connecting nouns such as my brother, your father and John to he, and Mary, my 
sister and John’s daughter to she. A third example of an object of learning from 
language learning may be discerning and arranging events in a time sequence in 
a text passage (in text comprehension as well as in writing the text). For all these 
objects of learning, there are aspects that the learner needs to discern in order to 
learn the object of learning. 

In physical education, an object of learning is often a physical capability, for ex- 
ample being able to do a certain type of shot in basketball, run in an efficient way, 
or swim breaststroke. For instance, when learning to swim there are certain aspects 
students need to experience in order to be able to move in water. For example, one 
may think that the specific movements with arms and legs to do breaststroke are 
sufficient to discern. One critical aspect of learning to swim is learning to breathe in 
water. “In water, you breathe in such a way that you always retain a certain amount 
of air in your lungs, thereby lowering your density and bringing it on par with that 
of water” (Marton, 2015, p. 26). This makes the learner feel that she/he does not 
sink anymore, and that she/he can swim. Breathing is one example of an aspect for 
the learner to discern when learning how to swim. 

Mastering an object of learning, such as the ones described above, enables the 
learners to act in more powerful ways. Hence, how a learner understands a phe- 
nomenon or an object of learning, affects how the learner acts. Or to put it another 
way, powerful ways of acting stem from powerful ways of seeing the object of 
learning. For example, in mathematics education, how students understand sub- 
traction will affect how the students go about solving subtraction tasks. For ex- 
ample, students who perceive addition and subtraction as a part-whole relation 
(a + b =c then c—a=b) are more likely to solve the subtraction task _ — 8 = 27 
as an addition (27 + 8 = 35), which is a powerful way of solving the task, whereas 
a student who has not yet experienced this relationship may only experience sub- 
traction as a “take away”, and are therefore not aware that you can use addition to 
solve the task. Instead, they try different numbers, for example, 32, 33, 34, 35 to 
see which number minus 8 is 27, which is a cumbersome strategy. Another example 
where how subtraction is perceived is important in a similar way is in the context 
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of negative numbers, where students who only perceive subtraction as “take away” 
can end up with difficulties. It has been suggested that seeing “subtraction as a dif- 
ference” between two numbers is more productive for handling subtraction with 
negative numbers (e.g., Kullberg, 2010). 


The intended, enacted, and lived object of learning as reflecting 
different perspectives in teaching and learning 


The purpose of formulating an object of learning is to articulate a goal for teaching 
and learning that both reflects the direction of teaching and what the intended learn- 
ing necessarily entails. In the process of teaching and learning, and in the planning 
and analysis of teaching, what is in focus may look different depending on which 
perspective we perceive it from. In teaching, the teacher perspective is essential, 
but so is the learner or student perspective, both the individual student and the 
group of students. Planning and enacting teaching involves different stages. The 
planning is done before the lesson by the teacher, and in this, the teacher (hope- 
fully) makes clear what the intended outcome of teaching is. In the act of teach- 
ing, a lesson may be understood as an unfolding event in the classroom, to which 
both the teacher and the students contribute in interaction. The learning outcome 
is what the students take from the lesson, possibly visible through assessment by 
the teacher. 

The intended, enacted, and lived object of learning are used to describe the ob- 
ject of learning in these different phases. The intended object of learning describes 
the planned object of learning, and thereby what the teacher aims for the students 
to learn. The teacher has an intended object of learning in mind when planning 
a lesson, however, this does not necessarily coincide with what is enacted in the 
classroom, and what students have the opportunity to learn. The enacted object 
of learning focuses on the teaching and tells us what is made possible to learn in 
the lesson or learning situation, analyzed from the point of view of what critical 
aspects were made possible to experience. By analyzing what aspects are varied 
in a lesson it is possible to analyze what is made possible for students to learn in 
a lesson. Hence, the aspects made possible to experience are seen as opportunities 
to experience the aspects and thereby learn aspects of the phenomenon. Analyzing 
what is made possible to learn in a lesson can also tell us what is not made possible 
to learn and can explain why students do not learn what is intended. If it was not 
possible to experience certain critical aspects of the lesson, we cannot expect that 
the students will learn the intended object of learning. The lived object of learning 
is which aspects of the enacted object of learning the students have actually dis- 
cerned and reflect the students’ learning. We can analyze the lived object of learn- 
ing, from what they show that have learned on a test, in an interview, or during the 
lesson. The lived object of learning is less available for analysis than the enacted 
object of learning and may vary across the group of students. 
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In sum, we can analyze the intended object of learning (what the teacher in- 
tended the students to learn) and compare it with the enacted object of learning 
(what was made possible to learn) to find out if it was made possible to learn the 
intended object of learning. We can also analyze the enacted object of learning and 
see how the enacted object of learning is reflected in student learning (the lived 
object of learning). Using the variation theory of learning makes it possible to ana- 
lyze the relation between the intended, the enacted, and the lived object of learning. 


Object of learning as focus for planning and analyzing teaching 


A distinct and well-articulated object of learning gives direction and precision to 
teaching and a point of reference in relation to which the learning outcome may be 
measured. Since the object of learning as an aim is specific rather than general and 
constituted in terms of the parts that the outcome (the specific way of understanding 
targeted) entails. It also points to the possibility of identifying direct relationships 
between the components of teaching and the components of the object of learning. 
The programmatic approach that is described in this book builds on the possibility 
that a key aspect of teaching is primarily how the object of learning is enacted in 
the classroom, and thus in turn to the lived object of learning. Planning teaching 
then aims to attempting to align the planned, the enacted, and the lived object of 
learning. Analyzing teaching is directed, on the one hand, toward revealing more 
of what actually happens in the classroom, in terms of the object of learning, and 
on the other hand, to allow the identification of components of teaching that may 
be changed in order to increase the possibilities for students to learn. In this way, 
it is possible to analyze teaching and learning by analyzing what aspects are made 
possible to experience in a lesson and compare them with what aspects have been 
discerned by students. The next chapter will present the theoretical foundation — 
variation theory — that we use in this book to establish such links between teaching 
and learning, with a special focus on explaining critical aspects of object learning. 
The chapter Analyzing teaching will go into more detail about such analysis. 


3 


THE VARIATION THEORY OF LEARNING 


In this chapter, the main ideas of the variation theory of learning and the concepts 
used in the theory are described. The variation theory of learning aims to reveal the 
necessary conditions for learning by identifying critical aspects of different objects 
of learning. Variation theory, as it is also called, is a learning theory that views 
learning as the discernment of aspects of a phenomenon or a capability not previ- 
ously discerned. The process of learning can be described as the learner making 
finer and finer discriminations within a greater whole and by so doing, discerning 
more aspects (parts) of that object of learning (whole). Being more knowledgeable 
in terms of understanding a phenomenon or having a certain capability means hav- 
ing discerned certain aspects of that object of learning. Or to put it differently, if the 
learner has not learned, he or she has not yet discerned the necessary aspects of that 
object of learning. This has implications for teaching and learning since teaching 
can make critical aspects of the object of learning visible to students and thereby 
enhance student learning. Marton et al. (2004) argue that what aspects students 
have the opportunity to experience are of vital importance for learning: 


What is of decisive importance for students, is what actually comes to fore of 
their attention, i.e., what aspects of the situation they discern and focus on. In 
the best case they focus on the critical aspects of the object of learning, and by 
doing so they learn what the teacher intended. But they may also fail to discern 
and focus on some critical aspects, or they may focus on other aspects. 

(Marton et al., 2004, p. 5) 


Variation is seen as the mechanism for learning. Since people tend to notice 
differences (variation) rather the sameness (what is invariant), new meanings are 
learned through the perception of differences (cf., Gibson & Gibson, 1955). This 
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view differs from views of learning that instead argue that it is by finding the in- 
variant feature (sameness) in examples of the phenomenon the learner is assumed 
to grasp the meaning. This is called “induction” and is the common way of describ- 
ing the acquisition of new concepts (Dienes, 1960, pp 42-43; Gu et al., 2017, p. 14; 
Gu, 1999). There is, however, a problem with this view from a variation theory 
perspective. If you cannot see the meaning in one example, neither can you see it 
in multiple examples. If you cannot recognize, for example, the idea of democracy 
in one example of it, neither can you see it in two examples. This way of reasoning 
led the famous American philosopher, Jerry Fodor, to argue that all concepts are 
innate (Fodor, 1980). His point is that if we cannot account for how concepts are 
learned, but still can show that people indeed possess them, then we must conclude 
that people possess them by birth. If you do not subscribe to such a conjecture — 
and we do not — then you are obliged to come up with an alternative explanation 
of how novel meanings (e.g., of concepts) are appropriated by humans. Variation 
theory, we argue, offers such an explanation. 


Variation is key 


In the variation theory of learning, variation is seen as key for learning. To acquire 
new meanings and learn new phenomena that the learner is not familiar with, vari- 
ation is needed to notice a phenomenon or aspects of it. If a young child is to un- 
derstand what red is, the child needs to see how red differs from other colors, such 
as blue or green. Pointing to different red objects (a cup, a sock, a ball) and saying 
“ted” is, according to variation theory, not sufficient for learning the meaning of 
red, since the “redness” of red, only appears in contrast to other colors. By keeping 
the objects the same (invariant) and only varying the color, pointing at the red cup 
saying “red” and at a green cup saying “green”, makes it possible to discern the 
difference between red and other colors. 

Similarly, if a preschool child is to learn what a triangle is, it is not sufficient to 
point at many different triangles and say “triangle” since it is then not possible for 
the child to distinguish what “triangle” represents, since “triangle” could be one of 
many different things, like the color of the triangles, or the angles, etc. To grasp 
the meaning of “triangle”, we argue, the child needs to see how a triangle differs 
from other geometric figures. By varying geometric figures (a square, a circle, a 
triangle), and keeping other aspects invariant, the varied aspect (geometric shape) 
is made possible to discern. Hence, the meaning of the geometric shape triangle 
appears in contrast to other geometric figures. 


Critical aspects of the object of learning 


A central concept in the theory is critical aspects. A critical aspect describes what 
the learners need to discern to perceive the object of learning in the intended 
way. Hence, critical aspects are always connected to a specific object of learning. 
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Critical aspects are relational in nature as they are related both to the content and to 
students’ understanding of that content. Because the critical aspects are relational, 
they cannot be derived from disciplinary knowledge of the subject only (Pang & 
Ki, 2016). The critical aspects need to be identified for every object of learning 
since it is not self-evident what the critical aspects are. The critical aspects need to 
be found empirically, for instance, from analysis of interviews with students, writ- 
ten tests, or analysis of observations in the classroom. Several of the critical aspects 
described in this chapter have been found during teachers’ collaborative explora- 
tion of an object of learning in a learning study (see Chapter 4) or in intervention 
studies using variation theory. Critical aspects can also be identified in (phenom- 
enographic) studies of students’ understanding of different phenomena. 

Identifying potential critical aspects requires being sensitive to how the learners 
understand what is to be learned. The critical aspects can be identified before, dur- 
ing, and after the learning situation. 


To identify critical aspects, we need to look simultaneously at the phenomenon, 
the way of experiencing it in the subject discipline, learners’ ways of experienc- 
ing it, and more specifically, the aspects of the phenomenon that learners have 
and have not [previously] discerned. 

(Pang & Ki, 2016, p. 332) 


If an aspect has been experienced by one learner, but not by another learner, it 
is only critical for the learner who has not yet experienced it. However, when plan- 
ning, enacting, and analyzing teaching, critical aspects are viewed on a group level 
since lessons are usually taught to a group of students. 

Criteria for a critical aspect: 


e The aspect has not yet been discerned but needs to be discerned. 

e The aspect is related to how students (incorrectly) experience the content/ 
subject matter or is related to the content/subject matter. 

e It indicates what students need to discern or disregard. 


In this way, critical aspects are always related to the specific object of learning at 
hand. Generic components of teaching and the student group are then by definition 
not critical aspects. There are undoubtedly many such things that affect students’ 
learning opportunities, for instance, students’ language abilities, the teacher’s 
ability to explain cohesively, students’ attention and motivation, etc. Neither are 
critical aspects important aspects of the concept on a general level or students’ dif- 
ficulties per se. 

Critical aspects are not: 


* Students’ difficulties. 
e Students’ general language abilities. 
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e General aspects of teaching or learning. 
e Teachers’ actions (e.g., explaining clearly). 


The critical aspects are connected to the object of learning and describe what 
students need to discern to master it (the object of learning). The critical aspects of 
an object of learning can be seen as parts of that object of learning (the whole). We 
can find critical aspects by investigating i) students’ understanding, ii) the content, 
and iii) what needs to be disregarded by students. Critical aspects can be found, for 
example, in students’ answers to tasks, but also during lessons when the students 
express their ways of thinking. For example, in one mathematics lesson, the object 
of learning was to understand the coefficient and constants in the equation of the 
straight line (y = mx + b) and to see the connection between the line (graph) and 
the equation. Figure 3.1 shows one 8th-grade student’s answer on a task that was 
designed to capture students’ understanding of graphs before the lesson. In this 
task, the students are to match several equations with the corresponding graphs. 
This student has correctly identified that y=2 represents Graph C (horizontal line). 
We can also see that the student is aware of which equation has the highest slope 
(y = 3x + 2) since he writes beside the equation that this graph “leans the most”. 
However, the student has paired y = 3x + 2 with Graph B which leans less than 
Graph A. Hence, the correct answer is that Graph A shows y = 3x + 2, since the 
graph with the highest value in front of the x inclines the most. 

How does this student understand the slope of the graph? A group of teach- 
ers identified that the student’s answer could be explained by the fact that when 


Pair the three lines (graphs) with the correct function. 


y=2 C (student answer) 
y=x+2 A (student answer) 
y=3x+2 B (student answer) 


Motivate your choices (answers): 
C= is just a 2 totally straight 

A= leans a little x+2 

B= leans the most y=3x + 2 


FIGURE 3.1 A student’s answer to the task. The student has written, “C= is just 2 to- 
tally straight, A= Leans a little y = x + 2, B= Leans the most y = 3x + 2” 
(Martensson, 2015, p. 148). 
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we say that something leans more in daily life, we refer to it in comparison to 
an upright (vertical) position, for example, the tower of Pisa leans more if we 
compare it to a vertical tower. The critical aspect identified from the test was that 
the inclination of the graph is seen from the x-axis, not the y-axis (as this student 
did). This was one of several critical aspects identified by the group of teach- 
ers working collaboratively in planning teaching about this object of learning 
(Martensson, 2015). 

There are critical aspects that are derived from the content taught. In Chapter 1, 
we discussed how one 5-year-old child understood numbers. When the teacher 
showed one finger and the child was asked how many it was, the child answered 
that it was “ten” and not one. The child had not yet discerned how many ten are (the 
“manyness” of number/cardinality), that is, ten means all the counted fingers on 
the two hands, not only the last counted finger (one finger, the tenth). For children 
to experience numbers in a proficient way, it has been argued that certain critical 
aspects need to be discerned, for example, ordinality (relations between numbers in 
a sequence), cardinality (“manyness”), and part-whole relations of numbers (e.g., 
five consists of, for instance, two and three) (Bjorklund et al., 2021). These criti- 
cal aspects are aspects of the content that students need to discern in order to learn 
numbers in a proficient way. 

A critical aspect can also be an aspect that students need to disregard. For exam- 
ple, if in mathematics education, the object of learning concerns what an angle is, 
some students may think that the arms of the angle are a part of the angle and that 
a figure with long arms has a bigger angle compared to a figure with shorter arms. 
In this view, Angle b (see Figure 3.2) would be a bigger angle than angle a, which 
is not the case. 

Runesson (2007) found that in three classes she studied in fourth and fifth grade, 
relatively few students (Class A 6%, Class B 40%, Class C 26%) could disassoci- 
ate the arm length from the size of the angle on a test. These students were not yet 
aware that the arms are only used to illustrate the angle, and that it is instead the 
turning of the arms that determines the size of the angle. The fact that the length of 
the arms does not determine the size of the angle is in this case a critical aspect, i.e., 
that the length of the arms is an aspect that should be disregarded by the students 
when learning about angles. 


a. b. 
FIGURE 3.2 Compare the angles. Which angle is the biggest? (Kullberg, 2010, p. 46) 
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Critical aspect 1 —— Values 
Critical aspect 2 —— Values 
The object 
of learning 
Critical aspect 3 —— Values 
Critical aspect 4 —— Values 


FIGURE 3.3 Illustration of the relationship between the object of learning, critical as- 
pects, and values. 


Critical aspects and values 


How can identified critical aspects be made noticeable for students? A critical as- 
pect of an object of learning can be made noticeable by varying the “values” of that 
critical aspect. When this happens, we say that a dimension of variation is “opened 
up” for the learner to experience. In this sense, a critical aspect is also a dimension 
of variation since it can be varied using appropriate values (Figure 3.3). 

For example, if the object of learning concerns what an angle is, as in the exam- 
ple above, one critical aspect is that the length of the arms does not determine the 
size of the angle. Figure 3.2 shows how this aspect was opened up as a dimension 
of variation by a contrast between two values, one angle with short arms (with a 
bigger angle), and one angle with long arms (with a smaller angle). 


Teaching with variation 


Variation has a special meaning in variation theory when it comes to teaching. By 
variation, we do not mean variation in teaching in general, for instance, “I need to 
vary my teaching”, implying that the teacher needs to vary the methods, modes of 
working, activities, etc., to make the teaching more interesting for the students. 
This is certainly important as well but is not emphasized in variation theory. It 
is also important to note that teachers naturally use variation in some form when 
teaching; however, they may not be aware of it and may not systematically use 
variation. In variation theory, we focus on variation regarding how that content 
is handled, and therefore, the theory becomes an essential tool for teaching. What 
is to be varied in teaching from a variation theory point of view are the critical 
aspects of the object of learning since the critical aspects must become visible to 
the learner. The likelihood of discerning critical aspects of an object of learning 
depends on the aspects the learner encounters and becomes aware of through the 
experience of difference and sameness. To experience something in a certain way, 
the learner often needs to be simultaneously aware of several critical aspects of the 
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object of learning. Experiencing these aspects is, however, not the same as being 
told about them. For example, it is not sufficient to tell students that there are an 
infinite number of decimal numbers during a mathematics lesson for students to 
learn that there are an infinite number of decimal numbers. Students need to experi- 
ence that it is plausible that there could be an infinite number of decimal numbers, 
for example, by experiencing a variation of numbers in an interval between two 
decimal numbers (Kullberg, 2010). Marton et al. (2004) illustrate the difference 
between being told and experiencing with the following example: 


Medical students, for instance, might be advised by their professors to try to 
notice different features of their patients, such as the color of the lips, the mois- 
ture of the skin, the ease of breathing, and so on: this is being told. But in order 
to follow this advice, the students must experience those features, and the only 
way to experience them is to experience how they vary. Noticing the color of 
a patient’s lips, for example, would not mean much if lip color was the same 
for everyone. 

(Marton et al., 2004, p. 10) 


Systematic use of variation aimed at critical aspects may be utilized for peda- 
gogical purposes to enhance students’ learning in the classroom since “[w]hen 
some aspect of a phenomenon or an event varies while another aspect or other 
aspects remain invariant, the varying aspect will be discerned” (Bowden & 
Marton, 1998, p. 35). Hence, patterns of variation can make the critical aspects 
of the object of learning noticeable to students. This does not, however, guar- 
antee that learning will occur. The teacher can only direct learners’ attention to- 
ward the critical aspect by variation of that aspect. Critical aspects (parts) of the 
object of learning (whole) need to be separated to be noticeable to the students. 
Marton et al. (2004) argue, “We believe that separating the aspects first and then 
fusing them together is more efficient (from the view of being able to adapt to 
changing conditions) than never taking the critical aspects apart” (p. 17). Sepa- 
ration of a critical aspect can be made using two patterns of variation, contrast 
or generalization (Table 3.1). When critical aspects have been varied separately 
by contrast or generalization, they need to be experienced together. Marton 
(2015) calls this pattern of variation fusion, and it is the simultaneous experi- 
ence of two or more aspects. 


TABLE 3.1 Patterns of variation and what is varied and invariant. 


Critical aspect Other aspects 
Separation Contrast (vary) (invariant) 
Generalization (invariant) (vary) 


Fusion (vary) (vary) 
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Contrast 


When a learner is to discern a critical aspect, contrast is used (in teaching) for the 
learner to notice it. In this pattern of variation, the critical aspect is varied using 
appropriate values, and other aspects are kept invariant. Contrast is used to make 
distinctions. A contrast can be enacted using a “counter example” — what some- 
thing is not — to bring out the meaning of the phenomenon in question. In this 
chapter, examples of contrast were used to point out differences in meaning: when 
learning about red, contrasting red with other colors (e.g., blue, green), and when 
learning the geometric shape triangle, contrasting the different geometric shapes 
(e.g., triangle, circle, square). 


Generalization 


In the pattern of variation generalization, the critical aspect is invariant, and other 
aspects are varied. After contrast has been used to distinguish a critical aspect, gen- 
eralization is used for the learners to generalize the aspect by seeing the same as- 
pect in many different examples. Using the same examples as with contrast above 
would involve, for instance, showing many red objects to see the “redness” of red 
in several things (red dress, red hat, red cup), or pointing at types of triangles (e.g., 
equilateral, isosceles, scalene) to show the similarities of triangles. 

Contrast and generalization are often used in sequence. Let us go back to the 
example of Mike’s understanding of numbers discussed in Chapter 1. The sequence 
shows that Mike’s experience of numbers was connected to the name of the counted 
number (the order of numbers and not the “manyness” of numbers). When Mike ar- 
gues that the little finger on the teacher’s right hand was “ten”, the teacher makes a 
contrast by showing one finger (the tenth finger) and saying “It is only one finger”, 
and then showing ten fingers and saying “Now it is ten”, for Mike to see the differ- 
ence between “one” and “ten” and that ten is not one finger (the tenth) (Figure 3.4). 


Teacher: “It is only one finger” ... “Now it is ten” 


ai 


FIGURE 3.4a and 3.4b They teacher shows one finger (3.4a first picture), thereafter she 
shows ten (3.4b second picture). 
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FIGURE 3.5 The teacher holds up her thumb. 


The contrast between one and ten (values) opens up the critical aspect of 
“manyness” (cardinality) as a dimension of variation. After that, the teacher showed 
the same quantity (one) in many ways, holding up different fingers and saying, 
“This is one (showing one finger), this is one (showing another finger), this is one” 
(showing yet another finger) for Mike to see the sameness of the cardinal aspect 
of one (generalization). In this part, it was made possible for Mike to experience 
that the “manyness” of one is independent of which finger is used to represent the 
quantity (Figure 3.5). 


Teacher: “This is one [holding up her thumb on her left hand]’. 


Fusion 


Marton et al. (2004) state, “In everyday life, it is seldom that only one aspect of 
something varies at a time, and so the way in which we respond to a situation, [...] 
springs from a more general holistic perception of the situation” (p. 16). So, there- 
fore, when aspects have been separated, they need to be brought together. The 
pattern of variation used when several critical aspects are simultaneously varied is 
called fusion. It entails that several critical aspects vary at the same time, but also 
that other (non-critical) aspects also vary. For example, when learning what the 
color red is, a situation in which red is one of many different colors and where 
the colored objects also differ is one example of fusion. Hence, both the colors and 
the objects vary. 

The main concepts used in variation theory are summed up in Table 3.2. How- 
ever, it is not necessary to use all these concepts when you first try to apply 
them. The most important concepts when planning and analyzing teaching are 
the object of learning and critical aspects. Applying these concepts in discussions 
about teaching is helpful since it directs attention to what is taught and learned. 
In the next chapter, attention is turned to how teaching and learning can be im- 
proved by teachers conducting learning studies, and how critical aspects can be 
identified by an exploration of the object of learning. In the following chapters, 
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TABLE 3.2 Main concepts in the variation theory of learning. 


Concepts 


Object of learning (OL) 
Critical aspects 


Values 


Dimension of variation 
Patterns of variation 
Separation 


Contrast 
Generalization 
Fusion 


Simultaneity 


Intended object of 
learning 

Enacted object of 
learning 

Lived object of 
learning 


The object of learning depicts the capability to be learnt. 

What the learners need to discern (but have not yet discerned) to 
learn the required capability. 

Range of specific values of a critical aspect in different examples 
used!. 

An aspect (critical or not) that is varied. 

Patterns of variation are contrast, generalization, and fusion. 

When one critical aspect is handled at a time. This is done 
through contrast or generalization. 

The critical aspect is varied while other aspects are invariant. 

The critical aspect is invariant while other aspects vary. 

Several critical aspects vary simultaneously in a teaching 
situation, activity, or example. 

To experience something (a phenomenon, a concept, a value) at 
the same time as something else. 

Describes what is intended to be learned in a learning situation/ 
lesson. 

Describes what is made possible to learn in a learning situation/ 
lesson, analyzed from the perspective of the researcher/teacher. 

Describes students’ learning and the critical aspects the learners 
have discerned. 


we will show how variation theory can be used as an analytical tool for planning 
and analyzing teaching. 


Note 


1 Values are in some literature also called critical features, for example, see Lo, 2014. 
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LEARNING STUDY 


Improving teaching for learning 


If our goal is to enhance students’ learning, teaching in school needs to offer pow- 
erful learning opportunities. Kurt Lewin, a psychologist who conducted applied 
and action research, once argued, “If you truly want to understand something, try 
to change it.” Our experience tells us this is true regarding understanding the re- 
lationships between teaching and learning. When teachers have the opportunity 
to analyze and revise lessons while at the same time seeing how the changes in 
teaching affect students, they can gain a more profound understanding of teach- 
ing and student learning. Learning study is one model used to collaboratively 
refine teaching in an iterative process. In a learning study, a group of teachers 
revise teaching multiple times to identify what students need to discern in order to 
have the opportunity to learn a particular capability (an object of learning). How 
the teaching needs to be changed for students to be able to do so is explored. In this 
chapter, we present the learning study model, and findings from one learning study 
in mathematics education are used as illustrative examples of what the model can 
entail and the kind of result that may be obtained. 

The learning study model was, as stated previously, developed by Ference 
Marton and colleagues around 2000 (Lo et al., 2005; Marton & Pang, 2003; Marton 
& Tsui, 2004). Marton was a guest professor in Hong Kong at the time and initiated, 
together with colleagues, the first learning study project called Catering for Indi- 
vidual Differences, which involved 18 groups of teachers in different subjects (Lo 
et al., 2005). The project was followed by another learning study project Variation 
for the Improvement of Teaching and Learning (VITAL), and involved 120 schools 
(Elliott & Yu, 2008). In the early 2000s, the model was introduced by Marton and 
colleagues in Sweden through the research project called The Pedagogy of Learn- 
ing, which implemented learning studies in Swedish, English, and mathematics 
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(Holmavist et al., 2008). Since then, learning study has been used from preschool 
to university level and in a variety of subject-matter areas. 

The learning study model was developed based on inspiration from the in-depth 
investigation of lessons in the Japanese lesson study (Lewis et al., 2006; Stigler & 
Hiebert, 1999; Yoshida, 1999) and design experiments (Brown, 1992; Collins, 1992). 
The Chinese teachers’ research group model similarly tries to improve teaching and 
student learning by systematically investigating lessons. Lesson study and design 
experiments, which are better known, are iterative models in which teaching is col- 
laboratively designed and revised to gain knowledge about teaching and learning. 

In design experiments, also called design-based research, the aim is to identify 
effective learning opportunities and develop practice-based theories that are useful 
for both teachers and researchers. Design-based research is conducted by a team of 
researchers in collaboration with teachers. It is usually carried out over an extended 
period, for instance, over several weeks or an entire school year. The development 
of theoretical understanding through the design and interventions in practice is 
in focus. The theoretical understanding supports the design of the intervention, 
frames the scientific study, and is advanced by the findings generated through the 
intervention (McKenny & Reeves, 2012). In this way, findings from the design- 
based research “are fed back into further cycles of innovative design” (Bereiter, 
2002, p. 321). The outcome of the iterative design process is often a teaching se- 
quence or a teacher manual. 

The Japanese lesson study is used to describe various practices involving the 
study of lessons and has a long history in Japan. It became known to the Western 
world in 1999 through the book The Teaching Gap by James Stigler and James 
Hiebert. In the book, they argued that teachers’ participation in lesson study — and 
thereby becoming better at teaching — was one explanation for the outstanding re- 
sults obtained by Japanese students on international tests like TIMSS (Trends in 
International Mathematics and Science Study). The Japanese lesson study model is 
described as involving four main steps (Huang & Shimizu, 2016): 1) goal setting, 2) 
planning the research lesson, 3) enacting the research lesson, and 4) reflecting on and 
revising the lesson. The revised lesson is enacted in a new class. 

In the goal-setting part, goals for students’ development are in focus. Gaps be- 
tween long-term goals and current reality are identified. A research theme for the 
lesson study is formulated. In an iterative process, the research lesson is planned 
collaboratively, enacted by one teacher, observed by the team of teachers in the 
classroom, analyzed, and revised. The revised lesson plan is an outcome of the 
lesson study that can be used by other teachers and communicated in books and 
at conferences. Lesson study has been described as a practice-based, research- 
oriented, collaborative mode of in-service teachers’ professional development 
(Huang & Shimizu, 2016). 

One difference between lesson study and learning study is that in a learning 
study, the focus in the iterative process is primarily on the object of learning, not 
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the lesson (and its activities). In a learning study, the group of teachers plan, ana- 
lyze, and revise teaching (during one lesson, a series of lessons, or a longer inter- 
vention, e.g., two semesters) multiple times, employing a learning theory as a tool. 
In the process, they develop insights about critical aspects of the object of learning 
and how to teach in order to make the critical aspects noticeable to the students. 
The theory used is most often the variation theory of learning or a combination 
of variation theory and another theory, for example, learning activity (Davydov, 
2008/1986). 

A learning study can in this sense be described as a type of theory-based les- 
son study. The learning theory (variation theory) plays an essential role since it is 
used as a tool for planning and analyzing teaching and student learning. The theory 
tells us that we need to become aware of the critical aspects of the object of learn- 
ing before we start planning the lesson. Hence, it is the critical aspects that need 
to be brought to the fore in the lesson, and therefore, the choice of activities and 
tasks follows from that. The iterative process of planning and revising the same 
lesson multiple times focuses on identifying and refining critical aspects and the 
patterns of variation used while being sensitive to student learning, as shown in 
the lesson or pre- and post-tests. Pre- and post-tests or student interviews are used 
to gather information about how students understand the object of learning before 
and after the lesson. Runesson (2008) describes the aim of a learning study in the 
following way: 


In a learning study the aim is to help the students to learn something specific: 
We ask: What are the necessary conditions for learning something and how can 
these be met in the learning situation? If students do not learn what we expected, 
we do not seek the answers to their failure in the inadequacy of the student; 
neither do we seek them in the teaching arrangements or the methods used. 
Instead we focus on the students’ learning — what their difficulties are — and on 
how the content must be handled in the lesson in order to overcome the learning 
obstacles. 

(Runesson, 2008, p. 169) 


The outcome of a learning study is identified critical aspects, patterns of varia- 
tion, and the activities and tasks used in the teaching. 


The learning study model 


A learning study is usually carried out over several months during a semester. 
A study can consist of about six to ten meetings, depending on how long the 
meetings are and what is attended to during the same session. A learning study 
usually involves three to six teachers (and their classes), and a researcher or an 
experienced teacher often serves as a facilitator to support the teacher team. 
However, as stated previously, the number of lessons studied and the extent of 
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the study may vary depending on the object of learning. The process starts with 
identifying an object of learning that the teachers think is difficult for students 
and challenging to teach. When an object of learning has been decided upon, 
an exploration of the constituents and delimitations of the object of learning 
begins. Suppose the object of learning is, for example, to develop the ability to 
lead a warm-up before a specific sporting activity with other students in physical 
education. Questions such as What does it entail to know the object of learning? 
and What are the critical aspects of the object of learning? are discussed during 
the whole process. 

A learning study involves a deep investigation into how students experience 
the object of learning and what students need to learn to master the object of 
learning in the intended way. A test or interview is used to identify how students 
understand the object of learning before and after being taught. Therefore, the 
items and questions in the test or interview need to focus on the students’ un- 
derstanding of the object of learning in qualitative terms rather than correct and 
incorrect answers. Students’ written texts or video recordings of students show- 
ing the required capability (e.g., how students lead a warm-up before a specific 
sporting activity with other students) could also be used as a pre-and post-test 
(depending on the object of learning). It is typical for the teacher team to read 
related research about students’ learning of the object of learning to get more 
knowledge about students’ understanding of the topic, which is helpful when 
designing the pre-test questions and the lessons. If potential critical aspects have 
been identified, pre-test tasks can be designed to decide whether the aspects are 
critical for these students’ learning. The test or interview is conducted with all 
participating classes. When the pre-test or interviews have been analyzed, the 
team can refine the object of learning, if necessary, and draw conclusions about 
critical aspects. 

The first lesson is designed to bring the identified critical aspects to the fore. 
Activities and sequences of tasks are chosen based on whether they have the poten- 
tial to make the critical aspects visible to the students. The activities and tasks are 
designed using patterns of variation and invariance regarding the identified criti- 
cal aspects. The lesson is enacted in one class by one of the teachers and is video 
recorded. The students conduct a post-test or post-interview a few days after the 
lesson. No teaching on the specific topic should be conducted between the lesson 
and the post-test. The teacher team analyzes the video-recorded lesson, and differ- 
ences between the pre- and post-tests are examined to see how the teaching may 
have affected student learning. Was it made possible for the students to discern the 
critical aspects in the lesson? Were new critical aspects identified in the post-test or 
the lesson? The lesson plan is revised, and the second lesson is enacted by another 
teacher (or the same teacher) in another class. The iterative process continues, and 
the lesson is usually revised two or three times. During the whole process, the 
critical aspects are scrutinized. The critical aspects can often be described more 
precisely at the end of the process. 
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The iterative learning study process can be summarized as follows’: 


1 Choose an object of learning. 

2 Find out students’ pre-knowledge through a pre-test or interview to identify the 

critical aspects. Refine the object of learning if necessary. 

Plan the research lesson using variation theory as a tool. 

One teacher enacts the lesson in one class (the lesson is video recorded). 

Find out what the students learned (conduct a post-test or interview). 

Analyze student learning (pre-and post-test or interviews, or as expressed in the 

lesson) in relation to how the object of learning was enacted in the lesson and 

identify critical aspects. Revise the lesson. 

7 Summarize the identified critical aspects, teaching activities, and powerful pat- 
terns of variation. Present and discuss the findings with other teachers. 


Hn” A U 


An essential part of a learning study is summarizing and sharing the findings 
regarding identified critical aspects and patterns of variation used in activities and 
tasks. The results have the potential to be used, further explored, and tested by 
other teachers when they are teaching the same topic or doing a learning study on 
the same topic. 


A learning study about negative numbers 


To illustrate the learning study process, we show how insights about the object 
of learning and its critical aspects were obtained in a learning study about addi- 
tion and subtraction of negative numbers conducted in 7th and 8th grade (13- and 
14-year-olds) (Kullberg, 2010). However, we do not detail the specific patterns of 
variation used in the lessons. 


Deciding the object of learning 


The topic, adding and subtracting with negative numbers, was new to the students 
as this is usually taught in the 8* grade. The four teachers who participated in 
the learning study, together with a facilitator, thought that teaching about negative 
numbers was difficult and that it often ended up with students applying the “rule”: 
“two minuses make a plus” with little understanding when subtracting a negative 
number, for example, 9 — (— 4) = 13. For example, the “rule” can cause the students 
to answer that (—9) — 4 = 13 (and not —13), since they may interpret the “rule” as 
any “two minuses make a plus”. The teachers were aware of the many metaphors 
used in lessons and textbooks when teaching about negative numbers, for example, 
elevators going up and down, a thermometer with plus and minus degrees, etc. 
However, the teachers concluded that the problem with the metaphors was that they 
did not work for all cases (a + (—b), (—a) + (—b), (—b) + a, (—b) + (—a), a — (—b), 
(—a) — b, (—a) — (—b), (—b) — a, (—b) — (—a)). The teachers even reflected on 
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whether teaching this topic without teaching about the “rule” was possible. The 
object of learning was for students to be able to solve addition and subtraction 
tasks with negative numbers, like 5 — (—3) and (—5) + (—3), with some conceptual 
understanding. 


Finding out students’ pre-knowledge 


The teachers designed a pre-test with numerical tasks and word problems about 
addition and subtraction with negative numbers. The pre-test showed that the stu- 
dents had little difficulty with word problems with negative numbers. The teach- 
ers discovered that the word problems could often be solved without considering 
negative numbers (e.g., “Yesterday it was minus 5 degrees, and today it is minus 
10 degrees. How many degrees colder is it today?” could be solved by ignoring 
the negatives and calculating only with positive numbers: 10 — 5 = 5). The pre-test 
also showed that even though the “rule” (two minuses make a plus) had not been 
taught to the whole class, some students applied the “rule” but did so incorrectly. 
The first critical aspect identified from the pre-test and the research literature was 
that students needed to differentiate between the sign for subtraction and the sign 
for a negative number since it was found that the students treated the symbols as if 
they had the same meaning. 


Planning and enacting the first lesson 


The teacher team discussed how they would make the critical aspect of The differ- 
ence between the signs visible to the students. For example: 


The teachers considered possible solutions to this problem: different words for 
the number (e.g., ‘negative three’) and the operation (subtraction or minus) 
could be used, the two signs could be separated by putting the sign for the 
negative number ‘higher up’ than the operational sign. They discussed whether 
concrete representations and metaphors, for example, temperature (—3 as three 
degrees below zero) and debt, would be a limitation for a deeper understanding. 
These representations seemed to be of use for solving some of the tasks but not 
all. How could, for instance, subtraction ‘5 — (—3) =’ be represented in a good 
way? And how could the different tasks’ 5 — 3 =’ and ‘5 — (—3) = be told apart. 
(Runesson et al., 2011, p. 267) 


The teacher team decided to use the expression “negative three” for the negative 
number (—3) to separate the sign for the negative number from the “subtraction 
minus” when talking about negative numbers. They also decided to use parentheses 
around the negative number. The teachers had the idea that if they differentiated 
between the signs in the lesson and showed the mathematics behind the “rule”: 
“Adding (subtracting) a negative number is the same as subtracting (adding) its 
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Pattern A Pattern B Pattern C 
5+5=10 5+5=10 5+5=10 
5+4=9 5+4=9 5+4=9 
5+3=8 5+3=8 5+3=8 
5+2=7 5+2=7 5+2=7 
5+1=6 5+1=6 5+1=6 
5+0=5 5+0=5 5+0=5 
5+(-1)=4 5 + (-1) =-4 5+(-1)=6 
5+(-2)=3 5 + (-2) =-3 5+(-2)=7 
54+(-3)=2 5+ (-3) =-2 5+(-3)=8 
5+(-4)=1 5 + (-4) =-1 5+(-4)=9 
5 +(-5)=0 5 +(-5)=0 5 +(-5)=10 


FIGURE 4.1 Three patterns suggesting answers for adding negative numbers were dis- 
cussed during the first lesson. The students suggested Pattern A (correct) 
and B (incorrect), and Pattern C (incorrect) was suggested by the teacher. 


opposite”, this would be beneficial for student learning. If the students were al- 
lowed to discover how the “rule” works, they thought this would help them under- 
stand when operating with negative numbers. 

During the lesson, Teacher A discussed the different meanings of the minus sign 
with the class by pointing at the other signs in a subtraction task and asking for the 
meaning of each sign. The teacher also brought up the idea of opposite numbers, 
for example, the opposite number to 1 is (—1), and that an addition of 1 + (—1) = 0. 
The idea of introducing opposite numbers was needed to understand how the “rule” 
worked. During the lesson, the students were asked to complete the pattern for 
what addition with numbers below zero looks like. What happens when you add 
negative numbers? The students suggested possible patterns where the answers 
varied (see Figure 4.1). 

In the next step, subtraction patterns were investigated and discussed in the 
same way as addition patterns. In the final stage, the correct addition pattern was 
connected to the correct subtraction pattern. In this way, it was made possible for 
the students to see that the rule worked, for example, that subtraction with a nega- 
tive number is the same as an addition with the opposite number (see Figure 4.2). 

A post-test with the same tasks as the pre-test was conducted some days after the 
enacted lesson. The post-test showed that students improved on addition tasks with 
negative numbers compared to the pre-test. In contrast, student learning on sub- 
traction tasks with negative numbers did not improve. The analysis of the post-test 
and the video-recorded lesson made the teachers realize that it was insufficient to 
explain the rule and direct the students’ attention toward the difference between the 
signs. In the enacted lesson, one student expressed the idea that subtraction could 
be seen as both a “difference” and a “takeaway”. The teachers deliberately avoided 
using the double meaning of subtraction in the lesson since they thought this would 
only make it more complicated for the students. However, the student’s statement 
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5+5=10 5-5=0 
5+4=9 5-4=1 
5+3=8 5-3=2 
5+2=7 5-2=3 
5+1=6 5-1=4 
5+0=5 5-0=5 
5+(-1)=4 5-(-1)=6 
5 +(-2) =3 5-(-2)=7 
5 +(-3)=2 5-(-3)=8 
5+(-4)=1 5-(-4)=9 
5 +(-5) =0 5-(-5)=10 


FIGURE 4.2 The correct addition and subtraction patterns were used to show the “rule” 
that a subtraction with a negative number 5 — (—5) = 10 gives the same 
answer as an addition with the opposite number 5 + 5 = 10. 


made the team realize that students needed to experience subtraction as a difference 
when subtracting negative numbers. 


Planning and enacting the second lesson 


In the revised lesson plan for the second lesson (enacted by Teacher B in another 
class), the team planned to enact two critical aspects: the difference between the 
signs and seeing subtraction as a difference. The lesson was intended to elicit the 
critical aspect of seeing subtraction as a difference by looking at differences be- 
tween two numbers (e.g., 5 — 3 = 2, 1- (—1) = 2 and (—3) — (—5) = 2) on the number 
line. The teachers were aware that when solving subtraction tasks where the minu- 
end (the first term) is smaller than the subtrahend (the second term), the difference 
is negative, for example (—5) — (—3) = (—2). However, at this point, the teachers 
did not know how to explain this in a way that would make sense to the students. 
Therefore, the teacher team decided to avoid discussing tasks with negative differ- 
ences in the second lesson. The teacher wrote the largest number first on the board 
to avoid this issue. Although it was intended that the critical aspect, the difference 
between the signs, would be brought up during the lesson, it was not. The teacher 
most likely forgot it. The lesson paid less attention to the addition of negative 
numbers, which may explain the lack of improvement on this topic in the post-test. 
However, there was a more significant increase in student learning on subtraction 
tasks with negative numbers. 

Analyzing the students’ post-tests and the enacted lesson made the teachers re- 
alize that they could not avoid dealing with tasks that had a negative difference. 
The teacher discovered a metaphor (debt as a financial state) that could be used to 
explain the negative difference that could also be used for all other cases (addition 
and subtraction tasks). For example, if, on the one hand, Ann has 5 euros and John 
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has a debt of 3 euros, their shared economy (addition) would be 5 + (—3) = 2, 
and together they had 2 euros in total. If, on the other hand, Ann has 5 and John 
has a debt of 3, the difference between their economy/financial state (subtraction), 
5 — (—3) = 8, is that Ann has 8 euros more compared to John. But if seen from 
John’s perspective, (—3) — 5 = (—8), he has 8 euros less compared to Ann. From this 
insight, the teachers identified a third critical aspect: “the perspective’/the commu- 
tative law does not apply in subtraction. Hence, the order of the numbers in a sub- 
traction task matters since whether it is a positive or negative difference (answer) 
depends on whether the minuend is larger than the subtrahend. 


Planning and enacting the third lesson 


For the third lesson in the iterative cycle, the teachers planned to enact the three 
critical aspects and use the metaphor of financial state to discuss the addition and 
subtraction of negative numbers. The teachers also planned to use another meta- 
phor, differences in ages between two people, to further direct the students’ at- 
tention to the critical aspect “the perspective”/commutative law does not apply in 
subtraction. For instance, when comparing ages, for example, Ann is 14 years old, 
and John is 11, Ann is 3 years older than John, but from John’s perspective, he is 3 
years younger than Ann. 

Teacher C enacted the lesson in her class. The lesson was, however, not enacted 
as planned, as the lesson was interrupted by a fire happening outside of the class- 
room. The results from the post-test after the third lesson are therefore not reported. 


Planning and enacting the fourth lesson 


Since the third lesson was not enacted as planned, the team decided to test their 
lesson plan in yet another class. Since no more 7th-grade classes were available at 
their school, they decided to enact the lesson in one class in the 8th grade. Based 
on the pre-test results, this class had similar pre-knowledge to the classes in the 
7th grade about addition and subtraction with negative numbers (see Table 4.1). 
Teacher D enacted the lesson as planned and brought the three identified critical 
aspects to the students’ attention. At the end of the lesson, the students were asked 
to place the number (—2) and (—1) in the equation _—__= 1 to further elicit the 


TABLE 4.1 Results in percentages of correct answers on two key tasks from the pre- 
and post-test. 


Lesson 1, N=17 Lesson 2, N=17 Lesson 4, N=21 
Pre-test/Post-test Pre-test/Post-test  Pre-test/Post-test 


Addition (—5) + (-2) = 24% 65% 53% 65% 29% 86% 
Subtraction (-5) — (-2)= 35% 29% 41% 65% 29% 81% 
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critical aspect of “the perspective”. To get the positive answer 1, the larger number 
needed to be the minuend, (—1) — (—2) = 1. The students agreed that the larger 
number should be the minuend, but the students had different opinions about which 
number was the largest. This confusion was picked up by the teacher, who said: 


T: I know your problem, and it was stupid of me not to have considered this 
before. We have to find out which of the two numbers (—1) and (—2) is the big- 
gest number. 

(Runesson et al., 2011, p. 274) 


This episode shows how the teacher discovered a fourth critical aspect during 
the lesson. It was critical for the students to experience the number system, mean- 
ing that numbers are larger the more to the right-hand side of a number line they 
are, for example, (—1) is a larger number than (—2). Some students thought the 
numbers on both sides of zero got larger and larger the further away from zero. 
This insight, made by the teacher during the lesson, led the teacher to discuss with 
the students whether, for example, (—18) is a smaller or larger number than (—2). 


Students’ learning 


The post-test after the fourth lesson showed that students’ learning had improved 
significantly on both addition and subtraction tasks with negative numbers, and 
substantially more compared to the students participating in the first two lessons 
(see Table 4.1). 

The conclusion drawn from the learning study was that when students had the 
opportunity to discern the critical aspects, more students learned what was in- 
tended. The identified critical aspects were: 


° The difference between the signs for subtraction and negative numbers. 
° Seeing subtraction as a difference. 

e “The perspective’/commutative law does not apply in subtraction. 

¢ The numerical system (larger numbers to the right). 


Kullberg (2010) found that when the same critical aspects were enacted in les- 
sons by other teachers who had not participated in the learning study, it generated 
similar learning outcomes for their students. This suggests the critical aspects can 
be helpful for other teachers and students. 


Shared knowledge products 


It has been shown that teachers can use findings about critical aspects and patterns 
of variation in activities and tasks when teaching new groups of students. How- 
ever, the critical aspects should not be viewed as final since there could be other 
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critical aspects yet to be identified, and critical aspects can vary between groups 
and ages. Hence, the critical aspects need to be further investigated and adapted 
to the student group. Runesson and Gustafsson (2012) showed that when teachers 
in Sweden were informed about critical aspects identified in learning studies in 
Hong Kong about an object of learning concerning creative writing, the teachers 
could use these critical aspects and identify new ones. Sharing and testing critical 
aspects and patterns of variation among teachers may contribute to accumulating 
knowledge about teaching and can develop a knowledge base for teachers. In the 
long term, this could contribute to more similar learning opportunities for students 
across classrooms (Morris & Hiebert, 2011). 

Knowledge products (e.g., critical aspects and patterns of variation used in ac- 
tivities or a lesson plan) from lesson studies and learning studies can be used to in- 
crease the quality of instruction for teachers who have not participated in the study 
(Kullberg et al., 2019; Morris & Hiebert, 2011). For example, a lesson plan can be 
shared and examined by other teachers and further improved through repeated im- 
plementation trials in classrooms. In other professions, for instance, in health care, 
it is common to do clinical research and share knowledge products that members 
of the profession can use as answers to problems they share. For example, the best 
way to handle a specific disease or wound is systematically studied, and the results 
are shared and scrutinized by others in the profession. Clinical research aims to 
improve the quality of treatment, and the results are tested and refined. Similarly, 
teachers can enhance the quality of teaching different objects of learning. We sug- 
gest that teachers’ continuous involvement in design-based research, lesson study, 
and learning study would result in a quality movement in teaching, similar to the 
quality movement in health care. 


What is needed to conduct a learning study 


Much evidence shows that learning studies can enhance student learning (e.g., 
Cheung & Wong, 2014). This is one primary reason why principals should support 
teachers in conducting learning studies at their schools. There are certain things 
needed for a team of teachers to be able to run a learning study. For example, the 
teacher team must be given time to participate in learning study meetings. This could 
mean that teachers are excused from other school meetings during the learning- 
study process so the teachers can focus on the study. Before the learning study 
starts, all meetings need to be pre-planned with some time between meetings. Two 
weeks between meetings usually works fine. Time is required in between meetings 
to conduct a post-test after the lessons and have time to analyze the test or inter- 
view to some extent before the next meeting. Before the study starts, it is a good 
idea for teachers to read some research on student learning of the topic in focus. 
This can help in identifying critical aspects and designing the pre- and post-tests. 
Nowadays, many research articles are open-access and can be found online. There 
are also books for teachers about teaching and learning specific content that can be 
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helpful. During the learning study, there is a shared focus on the problem of finding 
out what the critical aspects of the object of learning are and finding a way to teach 
the topic. It is also essential to know that the focus in the analysis of the lessons is 
on the teaching, not the teacher. Since the teacher team designs the lesson collabo- 
ratively, it is not the individual teacher’s teaching that is scrutinized but the whole 
team’s planned teaching. 


Team: About 3 to 6 teachers and their classes 

Time: 6 to 10 meetings x 2 hours (for each participating teacher) 

Equipment: 1 video recorder 

Facilitator: A person who has experience in conducting learning studies and knows 


about the theory is helpful 


Note 


1 For an alternative model showing three forms of variation, see Lo (2012). 


5 


PLANNING TEACHING 


In the previous chapter, the learning study was presented as a systematic model for 
the study and improvement of teaching and students’ learning regarding a specific 
object of learning in one or a limited number of lessons. Even though participating 
in learning studies is a valuable and very rewarding enterprise, it is directed toward 
collegial development of the teaching and learning of very delimited parts of the 
curriculum. In contrast, planning teaching is a daily task for teachers that needs 
to be addressed both for each lesson and on the level of the curriculum for one or 
several years. We regard the planning of teaching as a serious matter and something 
that should be attended to with high quality where paying attention to detail is im- 
portant but also what is given priority. Planning teaching takes time, and engaging 
in a learning study may be an extensive undertaking. Every teacher or group of 
teachers does not have the possibility of addressing each part of the curriculum in 
the form of a learning study. 

Thus, an important aspect of professional knowledge for teachers is to draw on 
different sources, and the most relevant sources, in planning to teach and, within 
the available time, to give priority to the aspects of teaching that are most important 
for student learning. In this chapter, we will draw on variation theory and point to 
the body of knowledge available from learning studies to discuss, from this per- 
spective, productive ways of addressing the challenge of planning specific lessons, 
as well as how to formulate appropriate objects of learning that may be addressed 
during a single or a limited number of lessons. 

On the overarching level, it is an appealing thought to consider the curriculum 
as a whole and to link it to a set and sequence of objects of learning that may 
be addressed in different lessons and that match the available time. In principle 
this should be possible but would, in practice, be very difficult for the individual 
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teacher to achieve, given the available literature, the general structure of educa- 
tional objectives in the curriculum, and widely used teaching materials (that are 
typically constituted from principles different from the ones proposed in this book). 
Rather, this is more appropriate as a collective engagement over time. Instead, we 
suggest an approach where the kind of planning we propose is primarily used for 
parts of the curriculum that are both central and difficult for students and that these 
parts are identified in terms of objects of learning. The domain of such articulated 
objects of learning may then be successively expanded, broadening our individual 
and collective knowledge. As discussed in Chapter 2, identifying and appropriately 
delimiting objects of learning is an achievement in itself and may be revised and 
refined as a result of planning concrete lessons. 

The focus in the chapter will thus to a large extent be on how different parts of 
a lesson may be organized, given a clear idea of the object of learning in focus and 
which critical aspects constitute it. Variation theory clearly points to putting the 
object of learning and what students need to discern to master it, at the center of 
teaching, whether this is planning teaching, teaching in the classroom, or develop- 
ing the teaching in specific lessons, all in a systematic way. It also suggests that 
activities and tasks cannot be decided before the critical aspects have been identi- 
fied since it is only then that we know what should be brought to the fore of the 
students’ attention. Planning teaching must then focus on how to make the critical 
aspects noticeable to the students. 

The core elements of planning would then be: 


e Identifying and delimiting an appropriate object of learning for the specific les- 
son articulating what, according to different knowledge sources, are potential 
critical aspects. 

e Determining what may be an appropriate sequencing in terms of discernment 
of different critical aspects as well as necessary simultaneous discernment. This 
amounts to developing a lesson plan on the level of sequencing of critical as- 
pects in focus through different patterns of variation (contrast, generalization, 
fusion). 

e Generating ideas on how different patterns of variation for different critical as- 
pects may be enacted and contextualized (drawing on both specific knowledge 
about teaching about this content and about the student group to be taught). 

e Determining the specific components that are to be varied, for example, through 
choosing appropriate examples, illustrations/representations, reading material, 
and tasks that contribute toward enhancing variation in accordance with the pat- 
terns of variation, in a way that is available to and as explicit as possible for the 
specific group of students. 


To use ‘variation’ in teaching is nothing new per se. Teachers use variation every 
time they teach, for example, in their choice of examples when they plan and enact 
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teaching. However, it is paramount to keep in mind that the variation that variation 
theory points to as essential, is variation that makes critical aspects manifest and 
noticeable for the learners. 

Planning teaching in the way suggested here does place emphasis on the con- 
tribution of the teacher to opportunities for learning enacted in the classroom but 
does not in any way necessarily suggest a teacher-dominated classroom. Rather 
than being in conflict with a student-centered approach, we would suggest that this 
way of planning teaching frames and facilitates a student perspective in teaching 
in a powerful way. We will point to three ways in which the student perspective is 
essential: the student perspective as a starting point, the potential for flexibility in 
relation to students’ input and dynamics, and an aim that there should be learning 
opportunities related to the object of learning for all students. 

Our approach is student-centered in a fundamental way as it takes a student 
perspective on the object of learning and has as its starting point what it means 
to understand the object of learning from the learner’s perspective. This indicates 
that planning teaching must necessarily encompass and take into account what the 
students discern of the object of learning at each point of learning (before teach- 
ing, at different stages, and after successfully mastering the target capability or 
way of understanding). The origins of variation theory from the phenomenographic 
tradition underscore this, and the idea that understanding fundamentally relates to 
discerning meaning implies that teaching can never be reduced to an instrumental 
approach, but will always have to have a balance between the perspective of the 
teacher (on the classroom as well as the object of learning) and the perspective of 
the student or learner as they notice new aspects of the object of learning and thus 
of the world around them. This may be formulated by saying that it is essential that 
we as teachers get to know our students as learners. 

In the classroom practice, we would suggest that careful planning in terms of 
an object of learning frames and facilitates the potential for the teacher to be flex- 
ible in relation to students’ input, and shapes the lesson dynamics in ways that at 
the same time make a learner perspective on the object of learning manifest in the 
classroom (through student queries, input, and reasoning about different aspects 
of the object of learning), keeping the students’ attention on the intended object of 
learning and the critical aspects. This amounts to realizing an active engagement 
in the classroom in relation to the specific object of learning rather than in a more 
general manner. 

The tradition of phenomenography, variation theory, and learning study takes 
as a starting point the idea that all students will act and reason in accordance with 
how they perceive meaning in the world, and that in that sense all students are 
rational. This implies that it is possible for all students to perceive the world and 
an object of learning in new and more powerful ways, given the chance to discern 
the critical aspects. In this spirit, we embrace the ambition that there should be 
realistic and explicit learning opportunities related to the object of learning for 
all students. In that sense, we would argue that expectations on teaching on many 
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occasions are too low and that the experience from many learning studies is that 
essentially all (or a very large portion of) students may master the object of learn- 
ing, even when the object of learning concerns well-known difficult content areas. 
It seems that the explicit manner in which critical aspects are handled as a result 
of learning studies is particularly important for low-achieving students (Runesson 
& Kullberg, 2010). We suggest this perspective is important to consider in plan- 
ning teaching. 

All in all, it is also important to see that there may be considerable differences 
in the nuances, contexts, and dynamics of the enactment in different classrooms, 
even when using equivalent lesson plans developed as suggested here. The profes- 
sional knowledge of the individual teacher and contextual knowledge of the par- 
ticular student group, as well as the specific time and place, may have an impact 
on how the lessons unfolds. The skill of the teacher in handling the relationship 
between what is planned and what happens is essential in order to come close to 
the intended objected of learning in the enactment. However, variation theory and 
the evidence from learning studies suggest that the structure, in terms of object of 
learning, critical aspects, and patterns of variation, is paramount in what is made 
possible to learn for the students and thus should be given priority in planning 
teaching. 

Keeping the student perspective in mind, we will now develop how planning 
teaching may be addressed and give examples of concrete plans developed system- 
atically in learning studies. 


The object of learning as a starting point 


Taking the point of departure in the object of learning and the critical aspects pro- 
vides a focus on the content and students’ ways of experiencing the content when 
planning lessons. 


Defining an object of learning 


The object of learning is central to variation theory. When we teach, there is always 
something that we intend that the students should learn. When deciding what we 
want the students to learn, we need to consider what it entails to know this/have this 
capability. The following questions can assist in directing attention to the object of 
learning: 


e What do we want the learners to learn? 

e What does it entail to have this capability? 

e How do the learners understand the object of learning? 

e What may be critical for learners to discern in order to learn the requested 
capability? 

e How can the critical aspects be made visible in activities in teaching? 
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For example, if the object of learning is “to be able to identify the main message 
in a text” in reading comprehension, we need to reflect on what this knowing con- 
sists of and what the students need to learn to achieve this knowledge. 

It is often more difficult to identify critical aspects if the object of learning is too 
wide. One difficulty is, therefore, to delimit the object of learning appropriately, 
where it normally encompasses something that may be attended to during one or 
only a few lessons. 

If you identify many critical aspects, this could also indicate that the object of 
learning is too broad and that you need to delimit it and make it more precise. 

We think that all students in a class should have the opportunity to learn what 
is aimed at by the teacher. Therefore, time needs to be spent on finding out what 
students with lower pre-knowledge need to learn. 


Identifying the critical aspects 


We believe that planning teaching necessarily needs to take the learners’ under- 
standing of the object of learning into account. Since it is only when we know 
what the learners know and how they experience what is taught that we know 
what to teach. Only when we have some ideas about what may be critical for 
a particular group of learners can we choose activities that have the potential 
to bring out the critical aspects. In order to identify critical aspects, we need 
information about students’ ways of experiencing the object of learning. If we 
return to the example about the main message in a text, we need to know how 
the students experience what a message in a text is, and how it could be identi- 
fied. Questions posed to students in a written pre-test: “If you are told to identify 
the main message in a text, what do you do in order to find it?” and “What is 
the main message in this text”?” could most likely give some information about 
what the critical aspects may be. Some students may answer, for example, that 
“you find the message at the beginning of the text”, or “you find the main mes- 
sage at the end of the text” while other students may answer that “you find the 
main message in the details”. These answers, separately and together, give valu- 
able information about students’ ways of experiencing what the main message 
in a text is. These answers indicate that it is critical for students to discern, for 
example: 


¢ The difference between message and aim. 
e It is not only at the beginning or the end that the main message can be found. 
e It is not only in the details that the main message can be found. 


Applying patterns of variation 


When critical aspects have been identified, we need to consider how the critical 
aspects can be made visible and generalized in activities in teaching. Three patterns 
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of variation — contrast, generalization, and fusion — can be used to make it more 
likely that the critical aspects are noticed by the students. If we return to the exam- 
ple about the main message in a text, in order for students to discern the difference 
between message and aim, a contrast between the message in the text and the aim 
of the text needs to be made. This could involve juxtaposing the aim of the text, for 
example, to inform the reader about mushrooms in the forest, with the message in 
the text, for example, “do not pick mushrooms when you are unsure whether they 
are edible or not”, in order for the students to differentiate between them. The text 
is in this case the same, that is, invariant. 

In order for the students to recognize that it is not only at the beginning or the 
end of a text that the main message can be found, the students also need to experi- 
ence a contrast between the different places in a text where the message can be 
found. In this case, at least two different texts are needed to show the difference 
when the message is found in different places. Showing several examples of texts 
where the message is found at the beginning is an example of using the pattern of 
variation generalization. It is not only in this text that the message is found in a 
certain part of the text. Similarly, several texts where the message is found more 
in the middle or at the end of the text would also have the function of generaliza- 
tion. The pattern of variation called fusion is when two or more critical aspects are 
varied at the same time and brought to the fore of the students’ attention. Fusion 
provides an opportunity to experience connections between aspects varying in the 
phenomenon as a whole. 

Knowing what to vary in a specific situation and what to keep invariant helps 
teachers plan teaching. However, the theory does not provide answers to questions 
about what the critical aspects are, when to vary a critical aspect, how many times, 
and with what values. These are things that need to be investigated in each indi- 
vidual case by teachers themselves. Moreover, we cannot anticipate that learners 
will discern the critical aspects even if we planned for this to happen. The learners 
may direct their attention toward something else. Therefore, it is vital to direct the 
students’ attention toward the critical aspects. 

In sum, we suggest an alternative way to plan teaching that stems from the ob- 
ject of learning and critical aspects: 


Decide the object of learning. 

Identify students’ pre-knowledge. 

Revise the object of learning if necessary. 

Identify critical aspects of the object of learning. 

Choose/design activities that can be used to elicit the critical aspects, and plan 
patterns of variation. 


aABRWN 


In the following sections, three learning studies are described from the point 
of view of how the teaching was based on eliciting critical aspects for student 
learning. 
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Teaching about historical enquiry 


The following example contains insights about history teaching found by a group 
of teachers working collaboratively with planning and analyzing teaching and stu- 
dents’ learning using variation theory (and the results from a phenomenographic 
investigation). From insights about how students perceived the object of learning, 
the teachers were able to identify critical aspects of students’ learning and design 
tasks and activities that could be used to make the critical aspects visible to stu- 
dents by means of variation of specific values. 


How did the learners experience the object of learning? 


In primary school, it is often difficult for students to distinguish between what is fic- 
tional (e.g., characters in books and films) and what are historical facts. Hence, there 
is a risk that nation-based narratives, for example, may limit the pupils’ understand- 
ing of history in terms of migration and cultural encounters. The following example 
comes from a learning study (Johansson, 2019a) conducted by a team of teachers in 
Grades 4 and 5 (10- to 11-year-old students) about how to interpret archaeological 
artifacts in historical enquiry with an intercultural perspective. The historical period 
chosen was the Viking age, which in Sweden is a period associated with a strong na- 
tional narrative influenced by national romantic ideas. Two objects of learning were 
focused on during the lessons: to become able to interpret archaeological artifacts 
and to develop an intercultural perspective (on the Viking age). 

The teachers used a written test to identify students’ pre-knowledge. The test 
question “Why have large quantities of Arabic coins been found around the island 
of Gotland?” was found useful for analyzing students’ different ways of interpret- 
ing archaeological artifacts in historical enquiry with an intercultural perspective. 
This question was later also discussed in the planned lessons. A similar question 
was used in a test after a series of lessons in each class, “How come Chinese silk 
has been found in the Viking town of Birka?”, in order to see changes in students’ 
ways of interpreting archaeological artifacts in historical enquiry. 

The students’ answers to the test questions showed that archaeological artifacts 
in a historical enquiry had different meanings for the students (Johansson, 2019b, 
pp. 90-93). The students answered, for example: 


1 ... they transported the coins there on their camels. But when they arrived the 
camels escaped with the coins that they carried on their backs, and the camels 
shook off the bags with the coins in the water. There all coins were transported 
by the current to Gotland where they were washed ashore. [a literal interpreta- 
tion of sources in fictitious narratives] 

2 ...there were pirates or traders who travelled across Europe to Bagdad. They 
got hold of the coins and returned to Sweden. They lived in Gotland. They di- 
vided the treasure between them and went back to their families... [a literal 
interpretation of sources in historical narratives] 
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3 The Vikings traded and exchanged many things like cloth, jewelry, weapons and 
so on. The Vikings had strong ships but they could not go all the way to China to 
plunder because it was too far and too difficult. The silk had to be traded many 
times before it ended up in Birka. [representative interpretation of sources in 
continuous historical narratives] 

4 I think people from China went by boat/hiked some distance and sold silk. Then 
Arabs bought silk and then the silk came to Sweden through trade with other 
countries (...) They probably did this to earn money, because silk was fairly ex- 
pensive. The reason why people bought silk, I think, was because it was smooth 
and because they thought it was beautiful. (...) Historical evidence: Boats and 
rune stones have been found where you can see this. [representative interpreta- 
tion of sources in intercultural narratives | 


Four phenomenographic categories (Marton & Booth, 1997) were identified 
concerning students’ way of experiencing archaeological artifacts in a historical 
enquiry. Typical examples of answers representing the categories are shown in the 
excepts presented above. The group of students experienced archaeological arti- 
fact in historical enquiry with an intercultural perspective as: (1) a literal inter- 
pretation of sources in fictitious narratives, (2) a literal interpretation of sources 
in historical narratives, (3) representative interpretation of sources in continuous 
historical narratives, and (4) representative interpretation of sources in intercul- 
tural narratives, where the last category (4) is the most advanced way, and the first 
(1) the least advanced. Table 5.1 shows the critical aspect that distinguishes one 
category from another and hence what students need to discern in order to develop 
a more advanced way of understanding archaeological artifacts in historical in- 
quiry. Furthermore, values that can open up the critical aspects as a dimension of 
variation are shown. 


TABLE 5.1 Critical aspects and related values (based on Johansson, 2019b). 


Critical aspects Values (italics) 


To discern intercultural ¢ Rational motives (motives vary as values) for 
interaction between manufacturing material objects 
rational actors ¢ Intercultural aspect of the artifact as related to rational 
actors with different motives (actors with motives vary as 


values) 

To discern historical ¢ Literal interpretation of artifacts (value) versus 
representativeness and representative interpretation of artifacts (value) 
continuity e Understanding of history as separate (value) events 

versus history as continuous change (value) 

To discern historicity e Fictitious (value) versus real events (value) narratives 


¢ Mythical artifacts (value) versus artifacts created by 
humans (value) 
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What was critical for learners to discern? 


Experiencing sources as literal in fictitious narratives (Category 1) often involved 
descriptions of monsters and heroes who had to hide the coins in a fictitious story. 
The team identified that for these students, it was critical to discern the historicity of 
artifacts and the historicity of the narrative. Hence these students need to experience 
a contrast between two values within each dimension of variation, for example, a 
contrast between the values fictitious and historical narratives, or a contrast between 
mythical artifacts and artifacts created by humans. In the second category (2), stu- 
dents still had a literal interpretation, but the interpretation was in a historical narra- 
tive about one or several separate events. For these students, “history was reduced to 
events and pupils failed to identify the continuity of cultural encounters” (Johansson, 
2019, p. 96). From this, it was identified that a contrast between seeing history as 
separate events and seeing history as continuous change, and a contrast between a lit- 
eral interpretation of artifacts and a representative interpretation was needed in order 
for students to experience history as continuous change and to understand that the ar- 
tifacts were examples of phenomena and not tied to actual events (Johansson, 2019). 

The third category (3), representative interpretation of sources in continuous 
narratives, involved for example, that a single artifact can represent more than it- 
self and even large historical phenomena. The category reflects that history is made 
up of parallel processes of continuous change. However, in order to understand 
sources as representative within an intercultural narrative with rational actors (4), 
students need to discern the critical aspect of intercultural interaction between ra- 
tional actors. In order to experience this critical aspect, it is suggested that a vari- 
ation of rational motives for manufacturing material objects is needed, as well as 
experience of rational actors’ different motives for intercultural interaction. This 
entails understanding the motives behind why an artifact was manufactured and the 
intercultural aspect of the use of artifacts. 


How were the critical aspects made visible in teaching? 


Lessons were designed in order for students to produce, investigate, and answer 
historical enquiry questions using authentic historical source material and texts, 
as an alternative to traditional textbook teaching. For example, in order to make a 
contrast between a fictitious narrative and a historical narrative, the team asked the 
students to compare two different texts about a similar event, one with a fictitious 
narrative and one with a historic narrative, in order to see the difference between 
the texts (Table 5.2 shows excerpts from the longer texts used). 

Moreover, design principles for the lessons involved: exploration of authentic 
and intercultural questions, source interpretation using a model with specific ques- 
tions, and using replicas of artifacts in the exploration. For example, the teacher 
used modern coins to introduce enquiry questions, saying “Where do these coins 
come from? How did they end up in my pocket? What is the history of these coins” 
that could connect students’ prior knowledge to concepts such as value, goods, 
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TABLE 5.2 A contrast between fictitious and historic narratives (Johansson, 2019c, p. 105, 
our translation). 


Fictitious narrative Historic narrative 


A thousand years ago, the Viking A thousand years ago, the contacts between 
Thorsten went on a journey to Scandinavia and the Arab areas were lively. 

the east from Uppland across the Scandinavians were experienced seafarers and 
Baltic Sea. Thorsten wanted to go had boats that could cross oceans and rivers. 

on an adventure and foray, and find Trade routes emerged across the Baltic Sea and 
beautiful jewelry for his wife who the Russian rivers that Scandinavian and Arabic 


lived in Birka ... merchants travelled on... 


and trade, that they could use in the exploration of Arabic silver coins. Besides 
investigating replicas of Arabic silver coins, other artifacts were also explored us- 
ing a model for investigation of historical artifacts, answering questions that would 
direct students’ awareness toward, for example, rational motives for why an artifact 
was manufactured. The model (Figure 5.1) directed students’ attention toward key 
questions for understanding historical artifacts from an intercultural perspective. 


What? When? 

What is the artefact? When was the artefact manufactured? 
What can the artefact tell us about the time of its | Which historical period is the artefact from? 
origination? 


How? Why? 

How was the artefact manufactured? What was the artefact used for? 

What was required for the manufacture of the | Why was the manufactured (what was someone 
artefact? trying to achieve)? 


FIGURE 5.1 Template with enquiry questions for investigation of historical artifacts in 
an intercultural perspective (Johansson, 2019a, p. 256). 


In this example, we have shown how the teachers used variation theory as a tool 
to plan history teaching. From phenomenographic categories, the teachers iden- 
tified critical aspects and values that could be used to elicit the critical aspects, 
primarily by contrast. The enquiry questions used in the model (Figure 5.1) helped 
to direct students’ attention toward the intercultural perspective when investigating 
historical artifacts. As in Chapter 1, the object of learning in this study concerns a 
capability that goes beyond learning only historical facts only and instead involves 
conceptual tools/concepts that can be used for historical reasoning. 


Teaching English grammar 


In the following example, teachers’ insights about critical aspects and patterns of 
variation in a learning study about the English grammatical structure, the progres- 
sive aspect (PROG) in foreign language learning, is shown. In Chapter 2, we used 
the same study to illustrate an object of learning in English grammar (Lindström, 
2017). In this section, we elaborate on the findings from the learning study and 
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show how a rather small difference in teaching played a major role for students’ 
learning of the grammatical aspect. 


How did the learners experience the object of learning? 


In English grammar, the tense-aspect system is an important structure as it builds 
verb constructions. However, it has been shown that the concept of ‘aspect’ is dif- 
ficult for English language learners to master. There are several possible reasons for 
this, for example, the aspects (simple aspect, progressive aspect (PROG), perfect 
aspect, and perfect PROG) have different nuances of meaning, and this depends 
on which tense it is combined with. Moreover, as stated previously, the grammati- 
cal structure does not exist in many languages, for example, the Swedish language 
which was the first language of the students the sixth grade involved in the study. 
One difficulty is that in Swedish, there is no difference between “I live in Sweden” 
(simple aspect) and “I am living in Sweden” (PROG), since both versions translate 
to “Jag bor i Sverige”. This is true also for past tense: “I lived in Sweden” (simple 
aspect) and “I was living in Sweden” (PROG) in Swedish are both translated as “Jag 
bodde i Sverige”. Lindström uses the following examples to illustrate that the PROG 
provides different meanings: a) Ingmar and Greta live in Stockholm and b) Ingmar 
and Greta are living in Stockholm. Whereas a) suggests that Ingmar and Greta live 
permanently in Stockholm, b) suggests that they live in Stockholm temporarily. 

The object of learning in the study was “the ability to use the English grammati- 
cal structure, the PROG, in a syntactically and semantically accurate way”. Before 
the study started, phenomenographic interviews with some students showed three 
ways of understanding the PROG: 


a as a marker for discourse 
b asa marker for tense 
c asa marker for ongoingness 


What was critical for learners to discern? 


In order to further explore students’ understanding of the PROG, the team designed 
a written test with tasks where the students were to write about pictures that would 
trigger using the PROG, and a task where students were supposed to compare sen- 
tences in pairs with and without the PROG and explain how they understood any 
differences between the sentences. Four critical aspects were identified from the 
written test and the interviews. 

Critical aspects: 


To differentiate between tense and aspect. 

To differentiate between simple aspect and the PROG. 

To discern the concept of ongoingness. 

To differentiate between stative and non-stative (dynamic) meanings. 
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How were the critical aspects made visible in teaching? 


According to Lindström, a common way of teaching the PROG in Sweden is by 
showing many examples with present tense since present tense describes something 
happening right now (ongoing) and is considered to be easiest. The team designed 
lessons using variation theory, where they tried to elicit the critical aspects identi- 
fied. The teacher team identified from the first enacted lesson in one of the classes 
that it was not sufficient only to use the present tense when discussing the PROG, 
since the students were not able to separate the simple aspect from the PROG, and 
the PROG from the tense. In the first enacted lesson, the teacher defined the PROG 
as “right now”, and said for example: 


Teacher: They are eating lunch right now [...] right now, and then it is now. The 
progressive form is when something is going on now [...] and that sen- 
tence means you are doing it right now, progressive form [...] -ing on 
the end, and something is going on right now. 


As no progress was identified on student post-test in relation to the PROG, the 
teacher team revised the teaching to include the past tense in order to elicit the 
critical aspects. For example, a contrast between simple aspect and the PROG was 
made possible to experience in discussions about juxtaposed sentences like: 


The boat sank (simple aspect), 
The boat was sinking (PROG aspect) 


He drowned in the pool (simple aspect) 
He was drowning in the pool (PROG aspect) 


The sentences were used in the following lessons (in the iterative cycle of revi- 
sion of the same lesson) to prevent students from associating PROG with the present 
tense and to differentiate between tense and aspect. The sentences have different 
meanings and could have different outcomes. In the first sentence, the boat sank, 
whereas, in the second sentence, it is possible the boat was rescued by another boat. 
Hence, when using the PROG, the outcome of an event is open-ended and unknown, 
instead of, as was discussed in the first enacted lesson, on-going. The teachers 
wanted the students to experience a contrast in outcomes from the sentences in the 
second example. The following excerpt from the fifth enacted lesson shows this: 


Teacher: He was drowning? What does it look like when you are drowning? Do 
you get a picture in your head? 

Pupil: He splashes a lot [the pupil starts to wave his arms around] 

Teacher: He splashes a lot. So yeah! We’ve got someone here in the pool like this, 
ohhh! [the teacher gesticulates and waves his arms around]. [...] Look, 
it’s this, if you drowned, if you have drowned, that’s the question — has 
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he died in any of the sentences? The first sentence, that tells us that 
he drowned in the pool — full stop. Over there, oh dear, accident, he 
drowned in the pool. He is dead. The other one -the WAS drowning in 
the pool — you said ‘ing’, he carried on. Do we know if the man died or 
not? Or if he had died or not? Has he died? 

Pupil: No! 

Teacher: He is here [starts to wave his arms around]. Oh help, help, help, help! 
I’m in the middle of the drowning. 


Later in the lesson, the present tense was introduced. This made the students less 
likely to see the PROG as the same thing as “happening right now”, and instead see 
the PROG more nuanced, as incomplete, temporary, and open-ended. The study 
showed that the present tense was not sufficient for students learning the PROG. 
The results of student learning of the PROG on the post-test showed a significant 
difference for all classes that participated in the second to the sixth lessons com- 
pared to students participating in the first lesson. The example about teaching the 
PROG shows the importance of the order in which the tenses are used for students 
having the opportunity to separate the PROG from the tense. These insights may 
seem to be minor but turned out to have a major effect on student learning. 


Teaching reading comprehension skills 


The next example is from a learning study about the development of reading skills 
conducted in fourth and fifth grade (Rosenbaum, 2019; Rosenbaum et al., 2021). It 
has been advocated that if students learn to process texts, they can develop in-depth 
reading comprehension skills. The object of learning in the learning study was the 
ability to draw conclusions about the main character 5 personality traits in a story. 


How did the learners experience the object of learning? 


In an analysis of a writing task' in the learning study, five different ways of discern- 
ing and describing a character’s personality traits were identified. 


Category E: Personality traits are related to and explained in relation to events and 
the main character’s actions in the text, to other main characters’ personality 
traits in other stories, to the student, or to other persons. 

Category D: Explicit and implicit personality traits in the text are discerned, and 
are related and supported with evidence from events and the main character’s 
actions. 

Category C: Explicit and implicit personality traits in the text are discerned. 

Category B: Only personality traits explicitly expressed in the text are discerned. 

Category A: The main character’s personality traits are not discerned. Only the 
story is discerned and retold. 
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Category E is the most advanced, since in this category the character’s person- 
ality traits are related and explained in relation to events and the main character’s 
actions in the text. Also, the main character’s personality traits are connected to 
characters in other stories, to the student, or to other persons outside the story. In 
the least advanced category (A), the personality traits were not discerned at all. In 
this case, the students only retold the story. 


What was critical for learners to discern? 


The story chosen to work with in the learning study was The Dragon with Red 
Eyes by Astrid Lindgren. After having worked with planning, implementation, and 
revision of the same lesson during six cycles of revision in a learning study, the 
teacher team gradually identified critical aspects for the students’ learning. During 
the iterative process, the teacher team became aware that since the text and the 
character/personality traits are related to one another, the students’ attention needed 
to be closely directed toward the text to find clues regarding the main character (the 
dragon). This did not happen in the first three cycles as then the teaching was fo- 
cused primarily on students’ experiences of dragons, and the character/personality 
traits of the dragon in Lindgren’s book were not connected (by the teacher or the 
students) to what was described in the text. 


How were the critical aspects made visible in teaching? 


During the first three cycles, the teacher told the students to work in groups and 
talk about the dragon’s personality, and that they should pretend to be the dragon. 
They then wrote a text, as if they were the dragon themselves, and as a final stage, 
they made dragons as cutout dolls. The activities caused the discussion in the class- 
room to focus primarily on the appearance of the dragon (“I think the dragon is old 
and grey”) and students’ experiences of dragons from, for instance, movies. The 
question “How would you feel if you were the dragon?” (Cycle 2), posed by the 
teacher, made the students focus on other things than the text. As one student said, 
“If I was a dragon, I would feel dizzy”. The enacted object of learning did not in 
this case coincide with the intended object of learning, since the appearance of the 
dragon and identifying oneself with the dragon’s feelings were in focus, and not 
the dragon’s personality traits in the book. The fact that clues about the dragon’s 
main traits needed to be found in the text and in the actions of the dragon was not 
in focus during the lessons in the first three cycles. Two aspects, the appearance of 
the dragon and identification with the main character s feelings were opened up as 
dimensions of variation in Cycles 1 to 3 (see Table 5.3). However, these aspects are 
not critical aspects for the ability to draw conclusions about the main character’s 
character/personality traits in a story. 

The teacher team identified in Cycles 4 to 6 that to master the object of learning, 
it was critical for students to discern the main character 5 character/personality 
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TABLE 5.3 Aspects opened up as dimensions of variation in Cycles 1 to 3 (Rosenbaum et al., 
2021, p. 39). 


Aspects Values that make the aspect discernable 


The appearance of the dragon * e.g., grey, blue, old 
Identification with the main character’s feelings ° e.g., feel sick, sad 


Group 1 Group 2 Group 3 Group 4 
mischievous aggressive goal-focused selfish 
selfish smart marginalized spoiled 
empathetic selfish spoiled 

stubborn 


FIGURE 5.2 Comparison of character traits from the group task in Cycle 6. Based on 
Rosenbaum et al., 2021, p. 41). 


traits in the text itself (Critical Aspect 1). The teacher in Cycle 5 said, for example, 
“In the group you should find the character/personality traits that best describe 
the dragon in the story”. In Cycle 6, the teacher said “Your task is going to be that 
when you present you will show your words and explain why you have chosen 
them. Get help from the story, how the dragon shows it” (Rosenbaum et al., 2021, 
p. 41). The students in small groups listed the main character’s personality traits 
(the traits varied, for example, the dragon is an enjoyer of life, self-confident, etc.) 
identified in the text, which were compared and discussed with the other groups 
(see Figure 5.2). 

As the clues to the dragon’s personality traits could be identified through the 
dragon’s actions, it was critical for students to discern the main character s actions 
(Critical Aspect 2). This aspect was made possible to experience when the students 
had to argue why they thought this was a personality trait of the dragon based on 
the dragon’s actions (e.g., he sings therefore he is an enjoyer of life). Hence, the 
students had to connect the traits to the dragon’s actions (the actions of the dragon 
varied) (see Table 5.4). 


TABLE 5.4 Critical aspects opened up as dimensions of variation in Cycle 4 to 6 (Rosenbaum 
et al., 2021, p. 44). 


Critical aspects Values that make the critical aspect 
discernable 


The main ’character’s personality traits inthe text * enjoyer of life, self-confident 

itself 
The main character’s actions described in the text * sings, lays on his back, swims, flies 
Similarities between character traits in the story * outcasts, goal-oriented 

compared to those of dragons in other stories 
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Students’ previous experience of a personality traits from other stories can be 
important for allowing them see personality traits in a text. Therefore, it was critical 
for students to discern similarities between character traits in the story compared 
to those of dragons in other stories (Critical Aspect 3). The traits of the dragon 
were compared to the traits of another dragon in another book, and the students 
had to argue why the dragons shared the same personality traits or not. Hence, 
when comparing the dragon’s traits with the traits of another dragon, similarities 
and differences (e.g., both dragons being goal-oriented) in character traits could be 
identified. The dimensions of variation opened made it possible for students to ex- 
perience the critical aspects, and the enacted object of learning coincided to a larger 
degree with the intended one in Cycles 4 to 6 than in Cycles 1 to 3. 


Teaching about atoms and ions 


We will now look at insights from a learning study in natural science conducted by 
three teachers and a researcher (Nilsson, 2014). The students in Grade 8 had previ- 
ously been taught about the atom and atomic structure (nucleus with protons and 
neutrons and orbiting electrons). The teachers’ previous experience was that stu- 
dents often had difficulties understanding why chemical bonds are formed. There- 
fore, the team decided that the object of learning was to understand the concept of 
ion and how ions are formed. An ion (e.g., hydrogen ion, H*) is an atom with an 
electric charge, meaning that the number of protons is not the same as the number 
of electrons, as it is in the atom (e.g., H). A positively charged ion has lost one or 
more electrons, whereas a negative ion has a surplus of electrons compared to the 
number of protons. An ion could also be a charged molecule (composed of several 
and possibly different atoms). During the first meeting in the learning study, the 
teachers discussed the object of learning and decided that the students needed to 
experience the difference between atoms and ions to separate the two. The follow- 
ing excerpt illustrates the teachers’ discussion: 


Teacher 2: If we think of ions and atoms, we cannot explain what an ion is with- 
out understanding the particles, electrons, and protons. The important 
thing is that they see the differences and relationships between the ion 
and the other concepts that are critical for understanding this ... for 
example the atomic structure. 

Teacher l: And really, one cannot talk about this without talking about the pe- 
riodic table. Why are there ions with minus and plus, what are the 
differences and the relationships as well? What we can do in the 
lesson is to show both an ion and an atom to make them notice that 
both of them have a nucleus of protons and neutrons, both of them 
have electrons orbiting the nucleus, but a difference between these 
two is that the number of electrons vary. (Meeting 1) (Nilsson, 2014, 
p. 1804). 
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From the excerpt, one can see that the teacher team initially had the idea that 
they needed to point out how atoms and ions differ. However, as many learning 
studies show, it is not an easy task to identify what is critical for student learning 
and to plan a lesson that gives the students the opportunity to discern the critical 
aspects. 


How did the learners experience the object of learning? 


In the second meeting, the team analyzed the pre-test that they had designed and 
given in the classes. The teachers identified, for example, that some students did 
not understand the relationship between atoms and molecules. Moreover, the stu- 
dents did not know about the atomic structure (although atoms had been taught 
as a topic). The students confused particles (atoms, ions) at the sub-macroscopic 
level (non-observable) with chemical elements at macroscopic level (observa- 
ble). This was shown, for example, by one student asking how many atoms are 
needed to make a substance. The test also showed for instance that the students 
had difficulties with separating the concepts chemical “substance” and chemical 
“element”. It showed that the students were aware of different parts of the atom, 
but they did not mention the charges, and they had difficulties in seeing how the 
number of shells and their distance from the nucleus affected the reactivity of 
the atom. Table 5.5 shows students’ pre-knowledge of atoms, ions, substances, 
and elements in the periodic table. The table shows that students had little pre- 
knowledge of the topic. The results improved a great deal after Lessons 1 and 
3, but less after Lesson 2. However, on Task 6, the results were lower after the 
teaching than before. 


What was critical for learners to discern? 


The teacher team identified several critical aspects from the pre- and post-tests, 
their previous experience, and from analysis of the collaboratively planned lessons 
that they thought students needed to discern (see Nilsson, 2014): 

Critical aspects: 


1 the relation between the energy level of an electron and its principal quantum 
number. 

2 the atomic structure and how the ionic charge varies depending on the number 
of valence electrons (electrons in the outermost shell/energy level). 

3 ionization energy depends on the number of electrons, and the nucleus with pro- 
tons and neutrons remain unchanged even if the number of electrons changes. 

4 the principles of the periodic table. 

5 how atoms with one or two valence electrons more or less than a closed shell are 
highly reactive due to the fact that the electrons are easily removed or gained to 
form ions with positive or negative charge. 


TABLE 5.5 Results of pre-and post-test (Nilsson, 2014, p. 1801). T(teacher)1= Lesson 1, T2= Lesson 2, T3= Lesson 3. 


Question Should be included in the response Pre-test Post-test 
TI T2 T3 Tl T2 T3 
N=24 N=17 N=16 N=24 N=17 N=16 
1. What do you think of when The atomic structure of the elementary 6/24 3/17 4/16 15/24 5/17 11/16 
you hear the word atom? particles 
2. What do you think of when An atom or molecule in which the 4/24 2/17 0/16 14/24 2/17 11/16 
you hear the word ion? number of electrons is not equal to 
the number of protons, giving it a 
positive or negative electric charge 
3. Look at the periodic table. It gives information about the number 0/24 2/17 0/16 14/24 5/17 13/16 
What information can you get of protons, electrons, electron shell 
about the different substances? and atomic weight 
4. Why does the periodic table There is a logical explanation that it 0/24 1/17 0/16 10/24 4/17 5/16 
look the way it does? builds on the atomic structure and the 
characteristics of different elements 
5. Why do you think different Elements react in order to become 2/24 1/17 1/16 10/24 1/17 9/16 
elements react with each other stable. The reactiveness of an 
in a certain (predictable) way? element depends on its electrons 
6. How many substances exist Interminably. There is a difference 15/24 11/17 6/16 10/24 10/17 2/16 


around you? 


between chemical element and 
compound 


6§ PDulypeə} Buruuejd 
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1 H 2 He 
3 Li |4 Be 5 Bis C|7 Nja O| F jo Ne 
11 Na |12 Mg 13 Al | 14 Si |15 P| 16 S |17 Cl}is Ar 


19 K |20 Ca |21 Sc | 22Ti | 23 V | 24 Cr |25 Mn} 26 Fe |27 Co} 28 Ni |29 Cu} 30 Zn |31 Gaj32 Ge}33 As| 34 Se | 35 Br | 36 Kr 


37 Rb| 38 Sr | 39 Y | 40 Zr |41 Nb |42 Mo} 43 Te |44 Ru |45 Rh |46 Pd | 47 Ag |48 Cd] 491n |50Sn}51 Sb|52Te| 53 I |54Xe 


s55 Cs |se Ba | 57 La | 72 Hf | 73 Ta |74 W}75Re|76Os| 771r | 78 Pt |79 Au |s0 Hg] 81 TI |82 Pb | 83 Bi |84 Po | 85 At |86 Rn 
105 | 106 | 107 | 108 no | m | 12 | 113 115 118 


87 Fr |s8 Ra |s9 Ac |104 Rf| Db | Sg | Bh | Hs |1ooMt} Ds | Rg | Cn | Nh |114FI| Me h16 Lv|117 TsS| Og 


61 62 
58 Ce | s9 Pr [so Nd| Pm | Sm |63 Eu |64 Gd| 65 Tb | se Dy | 67 Ho | ss Er [eo Tm|70 Yb| 71 Lu 
95 96 100 | 101 | 102 
90 Th |91 Pa| 92 U |93 Np|9%4Pu| Am | Cm |97 Bk| 98 Cf |9 Es| Fm | Md | No [ios Lr 


FIGURE 5.3 The periodic table of elements. 


In the following section, we will show how some of the critical aspects were 
enacted in collaboratively planned teaching. 


How were critical aspects made visible in teaching? 


When starting to plan Lesson 1, the teacher team first wanted the students to dis- 
cern different components in atoms (protons, neutrons, electrons). The teachers 
also wanted the students to discern the mechanisms related to the periodic table 
(see Figure 5.3) and how ions are formed. Moreover, they wanted the students 
to discern that it is the number of electrons that is critical for the formation of 
chemical bonds. They wanted to illustrate for the students that elements in the same 
group in the periodic table (and with the same number of valence electrons in their 
atoms but with a different number of shells) acted in the same way. They planned 
to show this by using lithium (Li), sodium (Na), and potassium (K) in water to get 
the students to reason about differences and similarities within the same group. 
Furthermore, they wanted to show the relation between energy level and the princi- 
pal quantum number of the valence electron. For instance, one of the teachers said: 


Teacher 1: All substances in group eight have a noble gas structure but if you 
look at them you see that they have a different number of shells. This 
is a great opportunity to make the students identify what they have 
in common and what separates them. They are in the same group 
and have the same number of valence electrons but they have differ- 
ent numbers of shells. So we can use a demonstration with lithium, 
sodium, and potassium to make the students see the relation between 
periods and groups and introduce the concept of noble gas structure. 
(Meeting 2) (Nilsson, 2014, p. 1805). 
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Lesson 1 involved lecturing, demonstrations, and small-group discussions. The 
lesson started with the teacher discussing what an atom is by having a Power- 
Point with the question “What is an atom?”. When analyzing Lesson 1, the team 
concluded that they needed to further emphasize the difference between atom and 
molecule on the one hand, and between chemical element (e.g., hydrogen, H) and 
chemical compound (made up of two or more different chemical elements com- 
bined in a fixed ratio, e.g., water H,O) on the other hand, since the students still had 
difficulties in differentiating between concepts. They also wanted the students to be 
able to use the periodic table to identify differences in the properties of elements. 

Lesson 2, enacted in another class, started instead with another question: “What 
is the difference between a chemical element and a chemical compound?” to put 
further focus on the differences between concepts. This was followed by the draw- 
ing of a mind map to illustrate all concepts seen as important for students to dis- 
cern. When reflecting over the lesson, the teacher concluded: 


Teacher 1: The first question is about the difference between a chemical element 
and a chemical compound. But what we notice here is that they do not 
even understand the difference between an atom and a molecule. So 
it might be better if we revise the questions to focus on the difference 
between atom and ion and in such a way put a stronger emphasis on 
the object of learning. 

Teacher 3: Yes, here in your lesson you seem to want to include all concepts 
on the same time through the concept map. Even though you try to 
make them discern the differences they seem to be quite confused. 
The lines between the concepts do not seem to make sense to them. 
(Meeting 4). (Nilsson, 2014, p. 1806) 


The teachers realized that the second lesson was too busy and messy for the 
students to be able to learn the intended object of learning. The lesson offered too 
much variation of concepts (e.g., mixture, chemical compound, metal, non-metal, 
atom, molecule, acids, bases) at the same time. The teachers concluded that in try- 
ing to cover too much, they lost sight of the object of learning. In the analysis of the 
lesson, the teachers also became aware that the way they used the metaphor elec- 
tron shell made the students think it was something solid that protects the nucleus 
of the atom in the same way that a peel protects the fruit or an eggshell protects an 
egg, which was not intended by the teacher. This way of thinking was shown when 
one student asked what the shell was made of. Hence the meaning of the word 
shell became problematic in the context of atoms. One of the teachers suggested 
that track or energy level would be better since these words do not carry the same 
meanings as shell does (p. 1807). 

Lesson 3 focused more on the object of learning. The lesson started with the 
teacher posing the question “What is the difference between an atom and an ion?”. 
During the lesson the teacher also discussed several issues known to be difficult for 
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TABLE 5.6 Main differences in teaching about atoms and ions in Lessons 1, 2, and 3. 


Lesson 1] Lesson 2 Lesson 3 

1 What is an atom? 1 What is the difference 1 What is the difference 
2 Periodic table between chemical element between an atom and 
3 What is an ion? and a chemical compound? an ion? 


2 Mind map of concepts 


Atom and ion are Atom and ion are not in focus Atom and ion are taught 
taught one at a time simultaneously 


the students, for instance that the metaphor ‘electron shell’ can be confusing since 
it easily can be interpreted as a shield or layer of some sort. Moreover, students’ 
understanding of electrons was discussed during the lesson, for instance that it 
was not the case that “if a valence electron was situated in a shell far away from 
the nucleus, the electron was strongly attracted to the nucleus and hence, the atom 
should be stable” (p. 1808, our italics). Instead a “strong attraction between the nu- 
cleus and the outer electrons leads to the element being less reactive”. The teacher 
used for example of two magnets to illustrate why potassium (K) is more reactive 
than lithium (Li). “If the magnets were close, they attracted each other but if the 
magnets were held apart they did not attract each other in the same way. Hence, the 
comparison between strong magnetic attraction and low reactivity aimed to help 
the students to understand how the attraction between the nucleus and the electrons 
increases as they get closer”. (p. 1808) 

Lesson 3 became more focused on the contrast between an atom and an ion 
since the two concepts were discussed in relation to one another and at the same 
time. Hence, in Lesson 3, the enacted object of learning was more in line with the 
intended object of learning, whereas in Lessons | and 2, it was not made possible 
to experience the two concepts atom and ion in the same way as in Lesson 3. In 
Lesson 1, the two concepts were taught one at a time, and in Lesson 2 too many 
concepts were taught at the same time in order to be able to see the difference be- 
tween the two concepts (Table 5.6). 


Teaching the complex and abstract object of learning 
of technological systems 


The next example concerns teaching and learning of technological systems, which 
are complex systems of technical and human components that fulfil many of the 
experienced needs of modern society, such as the internet (supplying information), 
the water-supply system (distributing matter), and the power grid (supplying en- 
ergy). Systems that are not tangible and consist of components and connections 
on different levels, as well as human interaction, could be described as complex 
technological systems. Understanding technology and dealing with technology is 
important, but teaching and learning in this area is organized quite differently in 
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different school curricula. In the Swedish curricula, from which this example is 
taken, together with a few other countries, technology is taught as an independent 
subject, while in most other countries such topics are integrated, for example, into 
science. The school subject technology in Swedish schools embraces a broad defi- 
nition of technology related to human endeavors, rather than tying it (too) closely 
to science. However, understanding the organization of technology as complex 
systems has emerged as important over the last few decades, although it remains 
difficult, abstract, and with little research and established teaching practice to draw 
on. Scant attention has similarly been paid to related issues regarding complex 
systems in nature (ecosystems, weather systems) or society (democratic institu- 
tions), even though systems thinking has increased in importance with the study of 
complex phenomena, for example in the context of sustainable development. The 
study reported by Ingerman et al. (2012) attempts to outline how such teaching 
can be organized in a way that would allow students to develop systems think- 
ing relevant to technological systems. The plan for teaching is based on subject- 
theoretical literature on the nature of technological systems, on investigations of 
students’ understanding of technological systems, their function, and the context in 
which they exist, and on teachers’ experience of teaching systems and other topics 
in the subject technology. Empirical studies of systems thinking so far suggest that 
the basic capability in (complex) systems thinking is the recognition of a meaning- 
ful framework of relationships of seemingly isolated events and components into 
an interconnected whole, also operating on a different level — that is, seeing some- 
thing as a system (cf. recognizing it as a phenomenon). This is difficult since many 
aspects of systems are never directly experienced. In line with this, an approach to 
planning teaching for this topic was taken in which researchers and experienced 
technology teachers attempted to cover these aspects since so little well-established 
teaching practice was available. 


What was critical for learners to discern? 


Technological systems are goal-directed, delivering both to society and to indi- 
viduals, but also have unwanted effects. Many such effects concern detrimental 
influences on the environment, and in understanding the grounds for sustain- 
able development, understanding the systemic aspects of technology (and nature) 
is paramount. At the same time, technological systems are not tangible, and as 
such constitute a theme less supported by informal learning than other themes in 
technology. 

Some tentative characteristics of thinking and reasoning in relation to complex 
systems identified in empirical studies (not restricted to technological systems) 
are to: 


e identify cycles of system resources — matter, energy and information, 
e identify the intention and function of the system, 
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e recognize that the internal structure of the system is organized in terms of inter- 
acting components with different (sub)functions, including human interaction 
(with)in the system, and to 

e consider the external boundaries of the system and how it interacts with the sur- 
rounding world, such as other technological, natural, and social systems, as well 
as the consequences of the system for humans and the world. 


How were critical aspects made visible in teaching? 


Through analyzing these as dimensions of variation, patterns of variation were 
identified that could serve as building blocks for the first planned version of teach- 
ing about technological systems. In the dimension of resource, there is a qualitative 
difference between discussing a specific resource, such as the electric current in a 
desk lamp, and a systems resource, such as the energy distribution in the village. 
In the lesson, this would be exemplified through resources of distinctly different 
character —matter, energy, or information — where the resource is tightly connected 
to the idea and delimitation of the system. In practice, working with a mobile phone 
communication system, an electricity provision system, and a goods transport sys- 
tem provides opportunities to differentiate between resources, as well as between a 
system’s resource and a specific resource. In the dimension of intention, the quali- 
tative shift occurs between on the one hand, a specific person seeing a need and 
engaging a technological artifact and its intended function as a way of addressing 
that need, and on the other hand, when a need becomes recurrent, and a community 
is established as committed to sustaining a shared intention. For example, contrast- 
ing a situation when it is possible for everyone to take their bowl to get drinking 
water from the river, with when the water that is taken from the river is distributed 
by communal means, whether piped or bottled, is used to afford relevant varia- 
tion in the classroom. In the dimension of internal structure, the difference lies 
between seeing components of a system as being organized in a linear format and 
seeing them as being organized in a network (framework of relationships). This 
implies differentiating between components and their relationships, where the first 
transform the system resources, and the second transport them, and seeing both 
transformation and transportation in relation to the system intention. For example, 
the distribution of postal mail includes a series of transformations of the incoming 
set of mail each day, such as pooling mail from different mailboxes, sorting mail to 
different destinations, as well as transporting between the different points of trans- 
formation. Disturbances in the system, such as unclear addresses, weather condi- 
tions, strikes and illness, and non-adherence to payment regulations, contribute to 
the non-linear nature of the system. Creating a pattern of variation highlighting 
the important differentiations in this dimension of variation is complex but may 
be addressed by contrasting the structure of messenger-direct-delivered mail with 
a postal service. The dimension of external boundaries is not critical in the same 
way for the basic ability to recognize a series of events as being organized in a 
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system. Nevertheless, recognizing the limits of a system and what surrounds and 
interacts with it is important for the differentiation between the particular system 
considered, and other possible systems that could have been considered. 

Following such patterns of separation through contrast, variation that cuts across 
several individual dimensions is necessary, to afford a fusion of their meaning into 
an interconnected whole. There are probably several levels in understanding both 
specific and general technological systems; a start for fusion may be pedagogical 
tasks focusing on the same technological system and comparing different historical 
and national installations of the system, for example, food provision systems. A 
further step necessitates the simultaneous discussion of several full-fledged techno- 
logical systems differing in the dimensions described above. Realistically, this can 
only be addressed at a basic level within the lessons planned. 

The teaching plan encompassing these dimensions of variation consisted of 
four lessons. The first lesson took its starting point from the 14- to 15-year-old 
students’ daily morning habits — the students were put in groups with the assign- 
ment to document their morning habits and sort habits into common groups. The 
teacher then prompted the students to discuss what was necessary for these habits 
to be possible, and which technological means they depended on. This resulted 
in identifying technological systems the students used daily - typically the water 
system, the electricity system, and the transport system — and discussing how these 
systems worked. The second and third lessons focused on examples of technologi- 
cal systems, describing them in terms of their function (in technology the purpose 
and intended effect of different technological tools/artifacts are described in terms 
of function), their components and inner structure, as well as their interaction with 
the world and (unintended) consequences. For specific technological systems, the 
students worked in groups constructing physical or representational models of the 
system and in particular of different components and their interplay within a sys- 
tem. One part of the fourth lesson consisted of group presentations of their mod- 
els, and comparisons and relationships between the different models constructed 
by different groups. Another part of this lesson (or in some cases a fifth lesson) 
focused on group discussions on what would be the consequences of disaster or 
major malfunction in one or several systems in society. 

The teaching design was realized in four different Swedish classrooms by four 
different teachers, as normal lessons in the subject technology. Their classrooms 
consisted of 15—25 students each. 


How did the learners experience the object of learning? 


An analysis of the lived object of learning as it manifested itself in the students’ 
presentation of a technological system in the fourth lesson was carried out by Sven- 
sson et al. (2015). It showed that most of the students successfully grasped the idea 
and principles of technological systems together with many concrete aspects of 
common technological systems. However, it also indicated that the more abstract 
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and advanced aspects of systems thinking, such as perceiving the system as a net- 
work rather than linear, were very difficult. It also turned out that teachers struggled 
to move away from discussing the systems in linear terms in the enacted teaching 
without losing sight of the concrete systems discussed. Further, the importance of 
anchoring different facets of systems in the knowledge domain of technology was 
identified. It is thus important that both the design of the task and how the teacher 
addresses the content reflects a balance between technical details and the systemic 
perspective in order for facilitating systemic thinking connected to the technologi- 
cal knowledge domain. 


Teaching about how to run in physical education 


In practical subjects, such as physical education, there is less of a tradition of fo- 
cusing on the teaching of specific content, and overall goals concerning physical 
movement and introducing a variety of sports tend to come to the fore. For exam- 
ple, in relation to the central aim to develop students’ movement capabilities, what 
specifically the students are supposed to learn may stay relatively vague. In the 
learning study by Nyberg (2018), a central part of this aim is the ability to discern 
and experience one’s own way of moving. The results show a nuanced picture of 
the meaning of this ability as well as examples of how to help students learn. 


Deciding the object of learning 


The ambition of this learning study was to move beyond the normal focus in 
physical education, where teaching typically does not systematically give the 
students opportunities to develop their general movement abilities, which is a 
central aim in the Swedish subject curriculum for physical education and health. 
Rather, the level of physical activity for the students is given priority, primarily 
in the form of different sports (such as football, gymnastics, etc.) in which there 
are expectations regarding both specific ways to approach them and the level of 
performance in each. Teachers often seem to avoid giving detailed feedback on 
the way in which students move in and carry out these sports, as there is little time 
for such development over time (and to reach an expected standard in the move- 
ments), and it may be detrimental for the students’ confidence to overly focus on 
what is appropriate movement in each sport (since instruction mainly focuses on 
correcting errors). 

Against this background, the object of learning concerned movement abilities in 
the context of running. Movement capabilities are then understood to include both 
physical and mental capacities. The mental capacities included, for example, being 
able to discern and experience (and thus also possibly analyze) your way of mov- 
ing in different situations. In deciding an object of learning, the teachers considered 
the outcome from previous research on how running can be done as efficiently as 
possible (with respect to energy use), which indicates that a delimited leg stretch at 
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the kickoff, large angles in the steps, and low activation of the muscles in the lower 
leg are good for economical running. 

On the other hand, advice on a specific technique should be given with cau- 
tion, as the details of economical movement may vary between people. Further, a 
good posture is generally considered a favorable factor in running. Discerning and 
experiencing your own running in relation to these important aspects of expedient 
running, were taken as constituting the object of learning at the start of the study. 
This implies a bodily attention that may be difficult to verbalize, and this was un- 
derstood as one of the pedagogical challenges of the study. 


How did the learners experience the object of learning? 


The learning study was carried out in two cycles with two classes in the first year of 
upper secondary school (16- to 17-year-old students), with approximately 20 stu- 
dents in each class. In total, 18 students participated in all parts including lessons 
as well as pre- and post-test. 

The pretest was also used to obtain insights into how the learners experienced 
the object of learning. It consisted of a task involving running in specific ways, 
which the students in turn were interviewed individually about. Both the task and 
the interview questions were developed between the cycles, becoming more spe- 
cific in order to direct the students’ attention toward the object of learning. In the 
second cycle, the task was directed toward running in some situations with specific 
purposes: a) running as a run-up for long jump, b) running with rapid changes of 
direction between cones, and c) pacing yourself when running in order to be able to 
run long distances. The students were filmed and afterward, they were to describe 
their way of running in direct relation to these three situations. The questions also 
probed the components of economical running identified, for example, how the 
students experienced their posture while running. 

Analysis of the interviews allowed a more precise description of the object of 
learning. The focus concerns getting to know the different parts of your body and 
how the running movement as a whole is related to and reflected in these parts, 
how this affects the running, and how appropriate this way of running is in different 
situations. This included, for example, being attentive to the surroundings and how 
they affect your way of running in the specific situation as well as how you might 
need to adapt your way of running. Another dimension concerned attending to the 
plane of running, such as running sideways, turning, or running in a straight line 
forward, as well as appreciating the level of tension in different parts of the body 
and the experience of being tired in different ways. 


What was critical for learners to discern? 


In accordance with the analysis of the pre-test, it was decided that the object of 
learning would concern, in accordance with the analysis of the pre-test, discerning 
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how running is affected by different ways of moving the parts of your body. It 
concerns noticing how you move your arms and legs, how you place your feet, and 
how this affects the direction, speed, and efficiency of running. 

The following three critical aspects were identified: 


1 The importance of the arms and the torso in order to change direction and speed 
2 The importance of the placement of the feet for changing direction 
3 The importance of step frequency for changing direction 


The analysis of the pre-test pointed in particular to the importance of discerning 
the arms as a structural aspect in running. Observations also indicated that many 
students would be able to run more appropriately for the purpose if they discerned 
this aspect. 

An additional aspect, less related to the direct physical aspects of running, but 
nonetheless important, was that many students did not have a vocabulary for de- 
scribing their movements. For example, one of the students answered in the follow- 
ing way in the interview in the pre-test: 


Interviewer: Describe your way of moving in the different parts of this course, 
how you moved your body, the whole body 


Student: well, first, eh ... there I run sort of sideways like this 

Interviewer: The cone course? 

Student: Yes, and there in the middle sort of ... faster steps somewhat shorter 
and here I run lightly 

Interviewer: Itis a bit further between 

Student: Yes, some jogging 

Interviewer: Okey, how did you use your body then? 

Student: Eh ... how do you mean... 

Interviewer: How did you move? 

Student: Eh ... don’t know how I can explain, but I kind of ... at the cones I 


try to kind of turn around... like hell I know how to explain 
Interviewer: well, okey, then we had the run-up to the long jump 
Student: yees, there I just run and jump, that is ... sort of that I take a slightly 
longer step with a bit springier step slightly upwards ... I don’t 
know if it helps or not but ... that is how I do it anyway 
Interviewer: And then we have two rounds, the long-distance run 


Student: Weell, there I just run, I jog ... as usual 
Interviewer: How do you use the body when you jog normally? 
Student: Well, eh ... there is no particular way, you just jog (laughter) 


The ability to verbalize their way of moving was seen as an important additional 
aspect to develop in the lesson. 
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How were the critical aspects made visible in teaching? 


The lesson was set up with a series of tasks, focusing on one critical aspect at a 
time. The first part concerned tasks aimed at facilitating the discernment of the 
critical aspect of the arms as a structural aspect of running, and how this affected 
their own and others’ way of running. 

In the first task in this part, the students formed groups of three that were to run 
back and forth between two lines approximately 20 m apart in four different ways: 
A. Arms fastened with ropes behind the back. B. Arms fastened with ropes in front 
of the body. C. Arms stretched upwards above the head holding a stick. D. No con- 
straints on how the arms were positioned. 

After trying each way of running, the students in the group discussed their ex- 
perience regarding the different ways of running. This was partly aimed toward 
verbalizing but was also to direct attention to various ways in which the students 
experienced that the different positions of the arms affected their running. 

In a second task, the aim was that the students should see differences in different 
ways of using the arms in the run-up to a long jump. In this case, one must acceler- 
ate to reach a high velocity and the question the students should think about was 
how the arms may be used to be helpful. The students ran in pairs back and forth 
on a straight course in two different ways: Once with exaggerated swinging of the 
arms in the direction of running and once with the arms constantly hanging straight 
down along the side of the body. They were to be mindful of how the different ways 
of using the arms affected the length of the stride and the frequency of steps. Then 
they were to describe their experiences to each other. 

The second part of the lesson concerned tasks aiming to facilitate discerning 
tension and how this affected running. In particular, it was important to experience 
differences in tension in the torso in relation to experiencing expedient ways of 
using the arms to maintain a relatively high speed during long-distance running 
without using excessive amounts of energy, that is, to run in an economical way. 

In the first task, students in groups of three jogged three laps in which the stu- 
dents each ran in front during one lap, while the two other students ran behind 
mimicking how the first student ran. The task was to attempt to run in a relaxed 
manner. After each lap, the student running in front described their way of using 
their arms. In connection with this task, the teachers also reminded the students 
about terms that might be used to describe positions and movements of different 
parts of the body, which had been a part of a previous lesson. The task was fol- 
lowed up with a discussion of what it might mean to run in a relaxed manner, with 
the aim of agreeing on what kind of tension was appropriate for long-distance run- 
ning and how it felt to run in that way. 

The lessons in the second cycle gave a distinct outcome in the students’ learning, 
as it manifested in the pre- and post-test interviews. The largest difference was in a 
clear increase in the number of responses that in some way articulated the position 
and movement of different body parts and how this affects running with different 
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purposes. There was also a clear difference in the way that the students were able 
to feel and discern tension in shoulders, arms, and torso, and relate this to running. 

This study thus shows examples of how learning about bodily movement can 
be developed through focusing the lessons on specific elements of the movement, 
starting from a specific movement with a certain technique. Given the tradition in 
the subject of physical education and health of focusing on abilities to do sports 
in line with competition logic, the way of teaching outlined in this learning study 
forms a clear alternative with distinctly more concrete learning. This learning study 
also gives important examples of how silent bodily knowledge may be articulated 
and be made the focus of teaching based on identified critical aspects. 


The use of variation in tasks and task sequences 


In the final part of this chapter, we leave studies on teaching different content to 
the side and look more broadly into the use of variation in the design of tasks. The 
use of variation and invariance in teaching is, as been pointed out previously, noth- 
ing new, and not exclusive to the variation theory of learning. What is varied and 
what remains invariant within and between examples and tasks may be planned 
by the teacher, and can most likely help students discern aspects of the content be- 
ing taught. Watson and Mason argue that “tasks that carefully display constrained 
variation are generally likely to result in progress in ways that unstructured sets do 
not” (Watson & Mason, 2006). Systematic use of variation and invariance may be 
used in all subjects. However, in the following section, we will focus primarily on 
mathematics tasks since systematic variation in mathematics education has a his- 
tory of being commonly used. Insights from learning studies have, however, shown 
us that the same set of tasks can be implemented differently in lessons and that this 
can provide different learning opportunities depending on what the teacher directs 
the students’ attention toward (Kullberg et al., 2014). Despite this, we argue that 
carefully designed tasks with systematic variation are an important part of trying to 
achieve powerful learning opportunities. 


Variation within and between tasks 


Several studies show that what examples and tasks are used in teaching, and the 
order in which they are introduced, matter for students’ opportunities to see, for 
examples, connections between tasks (Kullberg & Skodras, 2018; Kullberg et al., 
2014; Rowland, 2008; Watson & Mason, 2006). Let us compare two sets of tasks. 


a b. 
25-6= 17-9= 
235s 27-9= 
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In the first set (a) of tasks, both the minuend and the subtrahend vary, and the 
operation sign for subtraction is invariant. The set of tasks seems more randomly 
chosen compared to the second set (b). In the second set of tasks, the subtrahend (9) 
and the units (7) are invariant, while only the tens in the minuend vary (17, 27, 47). 
Whereas the first sequence may be used to practice subtraction tasks requiring a 
strategy that bridges through the ten, the second sequence is most likely intended to 
bring students’ attention to a previously taught strategy for solving in order to gen- 
eralize it (e.g., “decompose-10-and-add”, 17 — 9 =, 10-9 = 1, 1 + 7 = 8 or “down- 
to-ten-even”, 17-7 = 10, 10-2 = 8) in higher number ranges. Systematic variation 
can be used within or between tasks. The sequence 17 — 9 =, 27 — 9 =, 47 — 9 =, is 
an example of systematic variation between tasks. However, which set of tasks is 
more powerful depends on what the teacher wants the students to discern. 

The tasks in the next example of using systematic variation come from an Ameri- 
can teaching material (Cameron & Fosnot, 2007). When the sequence of tasks was 
enacted in a Swedish classroom (Kullberg & Skodras, 2018), the students had the op- 
portunity to experience some mathematical principles. In the lesson, the students were 
prompted to see multiplication as an array with rows and columns, where 2 x 5 is an 
array with two rows of fives. Looking at the first three tasks (see Figure 5.4), the first 
factor in the second task (4 x 5) is doubled in comparison to the first task (2 x 5), and 
in the third task (4 x 10) the second factor is doubled (4 x 10 =2 x (4 x 5)). 

In the fourth task (10 x 4), it is made possible to experience the commutative 
law (10 x 4=4 x 10) hence to see how the third and the fourth tasks are connected. 
This task is followed by two tasks 10 x 6 and 6 x 10, which also can be used to 
illustrate the commutative law. The last two tasks allow the students to discern the 
distributive law and that, for example, 10 x 12 = (10 x 10) + (10 x 2) or 10 x 12 = 
(10 x 6) + (10 x 6), and 10 x 18 = (10 x 12) + (10 x 6). In the sequence, the tasks 


2x5 

4x5 

4x10 
10x4 
10x6 
6 x 10 
10x 12 
10 x 18 


FIGURE 5.4 The set of examples (string) (Cameron & Fosnot, 2007). 
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FIGURE 5.5 Textbook task “Which of the rectangles show similarity and which ones 
are congruent” (Olofson & Gerholm, 2018, p. 314). 


were designed to make it possible to see how the solving on one task could be used 
to solve another task. The set of examples (string) made it possible to understand 
aspects of multiplication that could be generalized to other multiplication tasks. 
Although this string was not designed using variation theory, we can analyze the 
sequence with variation theory. We can describe what varies and what is invariant. 
When only one value changes, we can regard this as a contrast, for example, when 
2 x 5 is followed by 4 x 10. In this case the students are supposed to see the differ- 
ence between the number of rows. Whereas when 10 x 4 is followed by 4 x 10 it 
is an example of generalization, hence it is the same number, but the positions of 
rows and columns have changed. 

One example of variation within a task is “Which of the rectangles show simi- 
larity and which ones are congruent” from a textbook in Grade 10 (see Figure 5.5). 
In this task, contrast is used in order for students to distinguish similarity (C and D, 
B and F, the same relationships between sides (shape) but not the same size) from 
congruence (A and F, same size and shape). These two concepts are often confused 
by students, and the task affords an opportunity for the students to see the differ- 
ence. In the task, the size and shape of rectangles vary for both similar and congru- 
ent rectangles. The features of a similar versus a congruent rectangle vary, whereas 
within the attributes within each concept are invariant. 

The next example (see Figure 5.6) shows how variation between tasks was used 
in a learning study about multiplication and division in Grade 8 (Kullberg et al., 
2014). Research has shown that students often over-generalize previous knowl- 
edge about the idea that in multiplication, the product is larger than the two fac- 
tors whereas in division the quotient is smaller than the numerator. Although this 
is true when the number that is multiplied by, or divided by, is larger than 1, it is 
not true for numbers below 1. In the learning study, the object of learning was 
that the students would understand that when the denominator is smaller than 1 
(e.g., Gs = 200), the quotient becomes larger than the numerator. The teachers 
designed a series of tasks to make a contrast between tasks where the denominator 
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100 x 20 = 2000 = 

100 x 4 = 400 a= 25 
100 x 2 = 200 <= 50 
100 x 1 = 100 a= 100 
100 x 0.5 = 50 Z2 Z 200 
100x0.1=10 = = 1000 


FIGURE 5.6 Task sequence about multiplication and division used in a learning study. 


was both larger and smaller than 1 in order to bring out a critical aspect: the rela- 
tionship between the numerator, denominator, and quotient. As multiplication and 
division are connected, it was also critical to show what happened with multipli- 
cation. There was a pattern of variation built into the set of tasks. The operations 
varied, but the numbers used were the same, which made it possible to discern 
differences between multiplication and division. The numbers in each column vary 
from larger to smaller numbers, keeping the first factor (100) or the numerator 
(100) invariant. Two tasks with a denominator smaller than 1 (0.5 and 0.1) were 
used to be able to show that this is true for “all numbers” below 1 (generalization). 

In the learning study, it was identified that the teacher in the first cycle did not 
direct the students’ attention toward the relationships between the numerator, de- 
nominator, and quotient as planned, but instead focused on the calculation of tasks 
and the relationship between multiplication and division (that a division can be 
checked by a multiplication). It was not until the second and third cycle that the 
teachers succeeded in bringing the intended relationship to the fore of the students’ 
attention. For example, in Cycle 2 the teacher said: “here the quotient is smaller 
than the numerator, is it always like that?”. The question made it possible for the 
students to experience a contrast between division where the denominator is larger 
and smaller than 1. The point we want to make here, without going into further de- 
tails, is the necessity of directing the students’ attention toward the critical aspects 
that can be shown by means of variation in the sequence of the task. If students’ 
attention is not directed toward the critical aspects, we cannot expect that the stu- 
dents will learn what is aimed for by the teacher. 


Tasks using a variation of students’ ways of experiencing a phenomenon 


Variation within a task can be based on different ways of experiencing the same 
phenomenon. The following example comes from a learning study in the sixth 
grade about the density of rational numbers (Kullberg, 2010). The teachers wanted 
the students learn that there is an infinite number of decimal numbers between two 
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numbers. In the pre-test the teachers used the following task: Ann says there is a 
number between 0.97 and 0.98. John says there is no such number. Who is right 
and why? The students from three classes gave the following answers: 


e there is one number 0.97.5 

e there are many numbers between 0.97 and 0.98 
e there are ten numbers between 0.97 and 0.98 

e there is one number 0.975 

e there are no numbers between 0.97 and 0.98 


The task about Ann and John and the five categories of student answers was 
later used as a task in the lesson and was discussed in small groups. The students 
were asked to discuss the different answers and afterwards draw a number line 
showing what is between 0.97 and 0.98. In the following whole-class discussion, 
the number lines from the different groups were discussed. The results of the learn- 
ing study, however, showed that after the first lesson in the learning-study cycle, 
most small groups answered that there were only nine or ten numbers between 
0.97 and 0.98. Hence, in this case it was not enough to discuss the variation of an- 
swers. It was not until the second cycle, where the teacher had discussed before the 
group task the idea that an interval between two numbers can be split in an infinite 
number of pieces, and where other critical aspects had also been discussed, that 
the students answered after the group task that the interval between 0.97 and 0.98 
could be partitioned into infinite number of pieces. Lesson 1 showed that it was not 
enough to only discuss the different students’ answers, because the students had not 
had the opportunity to discern that there could be an infinite number of numbers 
between two numbers. After Lesson 2, 95% of the students answered correctly 
on another task about the density of rational numbers. The variation in student 
answers gave the teacher an opportunity to address aspects emanating from the stu- 
dents’ different ways of experiencing the density of rational numbers, represented 
by the different answers. 


Note 


1 Pre-test task: Many of Astrid Lindgren’s stories have become movies, and now it has 
been decided that My nightingale is singing should also be filmed. The actor who is 
playing Malin (main character) has not read the story and you are assigned to tell her 
about Malin. The actor needs as detailed a description as possible of how Malin is as a 
person in order to play the role as good as possible. How would you describe Malin for 
the actor? (Rosenbaum, 2019). 


6 


ANALYZING TEACHING 


An essential part of our quest to develop possibilities for student learning is to 
turn our inquisitive and analytical eye to what happens in the classroom. This 
shifts the perspective from what was focused on in the previous chapter — the 
planning of teaching — and scrutinizes this when it is put to the test and is realized 
and enacted in the classroom. This reflects that it matters not only what we intend 
to do and what we think happened. Rather, it matters what actually happened and 
what was the result of teaching in terms of student learning. That is, our focus is 
on how teaching took manifest form and was enacted in the classroom, and what 
was made possible to learn about the object of learning. This shift also changes 
the perspective from what the teacher plans, does, and knows to a perspective 
that is more of an observer perspective in relation to the enacted teaching in the 
classroom. The enacted teaching includes not only what the teacher actually did 
but also how the students and their interplay with each other, the teacher, and, for 
example, teaching materials, contributed to shaping the collective dynamics and 
focus in the classroom. 

As we have mentioned repeatedly in this book, we insist that the primary pur- 
pose of teaching is to facilitate distinct possibilities for concretely learning about 
an object of learning. This implies that the teaching in a specific lesson may be 
directly investigated for relationships to the opportunities for and outcome in terms 
of actual learning. This may be investigated both as a whole — the whole lesson 
in relation to the object of learning — and in its parts — different parts of the les- 
son in relation to critical aspects of the object of learning. This indicates that it is 
valuable to put considerable effort into specifying (and articulating) the relation- 
ship between teaching and learning in such a concrete manner since that opens up 
the possibility for change and refinement. In particular, such change may include 
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innovatively shifting teaching in small steps in such a way that it can to a larger 
degree facilitate possibilities for learning about the object of learning, both as a 
whole and in terms of its parts. 

This central characteristic of the approach described in this book is markedly 
different from other traditions that are similarly interested in teaching, the class- 
room, and learning. In these approaches, the focus may be more on the teachers, 
and their collaborative process, which from our perspective does not offer an 
anchoring in student learning. A perspective on learning may be taken where the 
core of that learning is seen as participation or language use, which implies a 
much more indirect relationship between specific lessons and learning, as each 
lesson then by definition only can contribute a small part of a much larger whole, 
and the outcome of a lesson by definition is relatively disparate, both for different 
students and in terms of what is taken further by the students. Our approach also 
differs from that of a larger quantitative evaluation of student learning, which 
would typically investigate the relationship between the general quality or char- 
acter of teaching or the teacher and the level of knowledge in the subject area 
more broadly. Such relationships are interesting on an overarching level but can 
tell us little about how exactly to act or make choices about teaching in a specific 
situation. 

Analyzing teaching makes teaching as enacted practice the object of scrutiny. 
That means that even though the teacher is a central actor, it is not the person 
as such that is in focus; rather it is an object — enacted teaching — that in princi- 
ple moves from the personal domain of the teacher to the professional domain of 
teachers, in which to some extent insights may be shared. This shift also trans- 
forms professional practice into empirical data, which the analyzer may dissect 
objectively — at least to some extent. 

The purpose of such an analysis is then to operationalize relationships between 
the object of analysis (enacted teaching) and its goal (learning as specified by the 
object of learning) in terms of dependencies. Such an analysis will then provide 
knowledge to those who conduct it at a minimum, and potentially more broadly 
depending on the scope and level of systematicity in how the analysis is conducted 
and documented. 

An important strategy in analyzing teaching has been the comparison between 
lessons that have the same intended object of learning (or at least where the same 
specific content is covered), which supports identifying and articulating differences 
in how the same content is handled in the enacted teaching, as well as differences 
relating to what may be learned. This may in turn on the one hand define more 
specifically what constitutes the lesson and on the other hand give clues and ideas 
to what might be done differently in the teaching in order to facilitate the intended 
purpose, and how this might be done. Analyzing teaching in this way also points 
to a fundamental difficulty in educational practice and research: That of describing 
the constituent parts of a lesson in such a way that it may be “reproduced” in its 
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primary aspects. For example, if a lesson is deemed to be good from some perspec- 
tive, it is not trivial to articulate what are salient aspects of the lesson that are also 
constituents of what made it good. As a teacher, it may not be trivial to share the 
experience of a lesson you value for particular reasons in a way that a colleague — at 
the same school, or at some other school nationally or internationally — may reuse 
in a lesson that has similar value. 

Analyzing lessons in collaboration with other teachers can sharpen the teacher’s 
analytical eye and can contribute to a shared view of teaching. The focus on the 
teaching, instead of the teacher, makes teaching a more neutral object for analysis. 
Collaborative analysis can result in insights about, for example, critical aspects 
that can be shared with other teachers who have not participated in the analysis. 
Insights from the collaborative analysis of teaching can also make the teacher see 
future teaching with new eyes and maintain an analytical perspective also when it 
comes to planning lessons on their own. 

Video-recorded lessons, and not only those from learning studies, can be ana- 
lyzed using variation theory as an analytical tool. Video-recorded lessons make it 
possible to analyze parts of the lessons repeatedly and identify details that could 
have been overlooked during one single observation of the lesson. The teacher can 
record a lesson by placing a camera at the back of the classroom, allowing both the 
teachers’ and the students’ questions and actions to be captured. Providing informa- 
tion to legal guardians and obtaining their consent may be necessary if the students 
are young. 


What is made possible to learn 


Variation theory can be used both for planning and analyzing teaching. The les- 
son does not have to be planned with variation theory in order to be analyzed 
with variation theory. In the analysis of a lesson, we look at what aspects are 
opened up as dimensions of variation and how the teacher directs the students’ 
attention toward the dimensions of variation. If we are aware of critical aspects, 
we can look at whether these critical aspects are opened up as dimensions of 
variation. When we compare lessons with the same object of learning, it may be 
easier to draw conclusions about the different learning opportunities the lessons 
provide. 

The relationship between teaching and learning is often described as being too 
complex, making it rare for conclusions to be drawn about how teaching may have 
affected students’ learning. This view is unhelpful if we want to develop teaching 
in order to enhance student learning. In our analysis of teaching, we put the content 
taught and learned and how the content is handled by the teacher and the students 
at the center of attention. Although there are many different factors that also can 
affect student learning, we choose to analyze what we can actually change and 
develop: The teaching. 
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We suggest that variation theory can help us to understand better how teach- 
ing affects student learning. We believe there is a relation between what is af- 
forded in a lesson and what is learned by the students. By means of variation 
theory, we can analyze what is made possible to learn during a lesson, based 
on an analysis of what aspects of the content are opened up as dimensions of 
variation in the lesson. Analyzing what is made possible to learn also provides 
insights into what is not made possible to learn during the lesson. This can be 
equally important to know. Our experience from learning studies and from ana- 
lyzing a substantial number of lessons with variation theory over almost 20 years 
tells us that in many of the lessons we have analyzed, it was not possible for the 
learners to learn what was intended because the critical aspects that were neces- 
sary for the students to discern were never brought up during the lesson. The les- 
son may have shifted direction, resulting in a discussion of something other than 
the intended object of learning. In other lessons, it was not made possible for the 
learners to perceive the critical aspects since the teacher only told the students 
about them, but it was never possible to experience them. If it was not made pos- 
sible to experience critical aspects of the content in a lesson, we could not expect 
that students would learn. Therefore, analyzing teaching is vital if we want to 
understand what teachers need to do to enhance student learning. If it is made 
possible for students to learn what is intended, this does not automatically en- 
tail that the students will learn. There is no one-to-one correspondence between 
teaching and learning. Students can direct their attention toward something other 
than the object of learning. 

If we want to know what is made possible to learn in a lesson or a learning situ- 
ation, we need to analyze the enacted object of learning, that is, what aspects of the 
content are opened up as dimensions of variation by the teacher and the students in 
the situation. As pointed out previously, there is a difference between the intended 
and the enacted object of learning. A teacher may have the intention to open up a 
critical aspect as a dimension of variation in a lesson but may not succeed in do- 
ing so or forget to bring it up. Hence the dimension of variation is not opened, and 
students do not have the opportunity to experience the aspect in the intended way. 
Students may also open up dimensions of variation in lessons by raising questions 
or eliciting critical aspects of the content in discussions. In the analysis of lessons, 
we focus on what aspects of the content come to the fore of students’ attention 
on a whole-class level through patterns of variation (contrast, generalization, and 
fusion). In analysis of lessons about the same content, we most often find that the 
object of learning is handled somewhat differently. These differences provide dif- 
ferent possibilities for students to learn what was aimed at by the teacher. Although 
the differences in some cases seem small, we argue that even minor differences in 
how the content is handled can play a significant difference in students’ opportuni- 
ties to learn. 

Student learning outcomes (the lived object of learning) can also be used to ana- 
lyze teaching and what was made possible to learn from a lesson. For example, by 
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comparing pre- and post-tests (or interviews) from one or several classes, we can 
draw conclusions about what was made possible to learn in a lesson. This way of 
analyzing teaching and drawing conclusions from tests about what critical aspects 
have been discerned by the students is used in the learning study process. Analysis 
of student learning outcomes is a complement to analysis of the actual teaching. In 
the following sections, we will show how teaching may be analyzed using varia- 
tion theory. 


Analyzing teaching about solving equations with one unknown 


We will now show an analysis of two lessons, taught by the same teacher, which 
were found to have different enacted objects of learning (Kullberg et al., 2017). 
This analysis focuses primarily on what tasks and examples the teachers used in 
the lesson to elicit aspects of the content taught. We do not go into detail in this 
text about, for example, how the teacher directed the students’ attention toward 
critical aspects, which is usually of the utmost importance to analyze. The lessons 
were taught in seventh grade and focused on the same topic, solving equations 
with one unknown using the cancellation method. The teacher was participating 
at the time in a research project about the effect of learning studies on teach- 
ers’ learning. A part of the project was that the teachers should teach a lesson 
about a topic of their choice before the learning study intervention and teach the 
“same lesson” again after having participated in three consecutive learning stud- 
ies. There were two years between the lessons. The difference between the lessons 
is interpreted as a change in the teacher’s knowledge after having participated 
in the intervention. What the teacher focused on in Lesson 2 differed to a large 
extent from Lesson 1. We also see that the teacher used multiple examples of the 
same focused feature with pre-planned variation in Lesson 2. Table 6.1 shows an 
overview of the lessons. If we look at the tasks used, we can see that the teacher 
focuses on different aspects of solving equations in the two lessons. For instance, 
it is only in Lesson 2 that the operations used for solving (addition, subtraction, 
multiplication, and division) are brought up to illustrate the cancellation method. 
In Lesson 1, the equations are primarily connected to a context (by visual rep- 
resentation and word problems) and solved with the cancellation method. The 
meaning of the equal sign is brought up in both lessons. Next, we will go more 
into detail in the analysis of each lesson. 

The teacher started Lesson 1 with a discussion about what an equation with 
one unknown is by introducing a word problem! (solved later in the lesson). 
Afterward, equations were used to address the meaning of the equal sign. The 
number 12 is invariant in the first two equations, and the placement of the equal 
sign and the factors vary. In the third equation, the number of factors varies on 
both sides of the equal sign. In this part, it is possible to discern that the number 
of factors can vary on both sides of the equal sign. When discussing the fourth 
equation, the teacher made a contrast between an incorrect, 3x6=18x2 =36, 
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TABLE 6.1 The tasks and examples used in the lessons. 


Lesson 1 


Lesson 2 


The equal sign 
3x4=12 
12=3x2x2 
12x2=3x2x2x2 
3x6418x2=36 


Equation with one unknown solved with visual 
representation 
3x+5=20 


Non-solvable equations for positive integers 
3x+20=5 
2x+3=3x+4 


Equations with one unknown as word problems 
. +495 =1975 


3x+(x+5)+x=40 


The equal sign 
12x4#448+2=24 
6x4424+2=12 
6x4=48+2=24 
6x4=12x2=24 
6+2=8 
64+248+2=4 


Multiplication with x 
3X x = 3x 
3x44 34 


Division with and without x 
5x3+5=15+5=3 
5x3+3=15+3=5 
6x4+6=4 

6X x+6=x 


Addition, subtraction, and multiplication 
3+4=7 

2+3+4=7+2 

2+3+4-5=7+2-5 

2X3+447X2 

2xX3+4x2=7x2 


How to create and solve an equation 
with one unknown 


and a correct way, 3x 6 + 18 x 2 = 36, of using the equal sign. The use of the equal 
sign varied, and the numbers were invariant. It was made possible to discern that 
all parts of the equation need to have the same value for the equal sign to be used 


correctly. 
3x4=12 
12=3x2x2 


12x2=3x2x2x2 
3x6=18X2=36 3x6418x2=36 
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Varied Invariant Discernment 

Factors on each side 12 Meaning of equal sign — all parts of the 
Placement of the equal sign equation need to have the same value 
=, Ż 3x6 for the equal sign to be used correctly 


Next, an equation with one unknown (3x +5 = 20) was solved with iconic repre- 
sentation (using stones and boxes) and numerical calculation using the method of 
cancellation, hence the representation varied (iconic and numerical) and the equa- 
tion was invariant (Figure 6.1). It was made possible to discern a visual representa- 
tion of the solving method, and that x could be represented by a number of objects. 


Varied Invariant Discernment 
Iconic and numerical Method of solving A visual representation of the solving 
representation method and that x could be represented 


by a number of objects 


After that, the teacher presented two equations with one unknown that could 
not be solved with positive integers, 3x + 20 = 5, and 2x +3 = 3x + 4. In this part, it 
was possible to experience a contrast between non-solvable equations and solvable 
equations (e.g., as shown in the previous task). It was made possible to discern that 
some equations are not solvable for positive integers. At the end of the lesson, the 
teacher presented two-word problems that could be solved with equations with 
one unknown (=) + 495 = 1975 and 3x + (x + 5) + x = 40), and these were discussed 
one at a time. The problems varied in context (price and age’), and the operations 
(addition, division) used. However, the operations as such were not discussed. The 
same method (invariant) of solving was used. In this part, it was possible to discern 
that equations with one unknown can solve different problems and represent dif- 
ferent situations. In sum, in Lesson 1 the enacted object of learning was learning 
a method and procedure for solving equations with one unknown. However, lit- 
tle variation regarding the method of cancellation was enacted for the students to 
experience. 


3x+5=20 
3x+5-5=20-5 
3x _ 15 

3 3 


FIGURE 6.1 A numerical and iconic representation of the solving process. Five stones 
on both sides of the scale were deleted as a first step. 
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Varied Invariant Discernment 
Context for the equation with Method of solving Equations with one unknown can 
one unknown (age, price) solve different problems and 


represent different situations 


In Lesson 2 (with another group of students two years later), the enacted object 
of learning was instead understanding the structure of an equation, how an equa- 
tion with one unknown can be created, and how operations can be used to solve it. 
The lesson started with a discussion about the meaning of the equal sign, starting 
with two examples of incorrect use of the equal sign, introducing the sign for in- 
equality. In the sequence of examples, the numbers used in the equations were most 
often invariant (6x4 or 6+2), the signs (+, =) varied, and the operations varied 
(multiplication, division, addition). We suggest that the contrast between incorrect 
and correct ways of using the equal sign made it possible to discern that all parts 
of the equation need to have the same value for the equal sign to be used correctly. 


12x4448+2=24 
6x4424+2=12 
6x4=48+2=24 
6x4=12x2=24 


64+2=8 
64+248+2=4 
Varied Invariant Discernment 
=, + 6x4 Meaning of equal sign 


6+2 


This was followed by several sequences about operations in equations. First, a 
contrast highlighted how multiplication works with x, compared to multiplication 
with integers (3x x = 3x, however 3x4 + 34). After that addition, subtraction, and 
multiplication in an equation were discussed. First, the teacher showed how mul- 
tiplication and division are connected, that if you multiply two numbers and then 
divide by one of the numbers, the answer is the other number. A generalization was 
enacted, since several examples showed the same thing. 


5xX3+5=15+5=3 
5X3+3=15+3=5 
6x4+6=4 
6x+6=x 
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Varied Invariant Discernment 
Denominator (5, 3) Operations (X, +) Relationship between multiplication 
Factor (4, x) and division 


The teacher then showed that if you add or subtract the same number on both 
sides of an equation, this does not change the equality (generalization). However, 
with multiplication (contrast), you need to multiply both terms to keep the equality 
(see2x3+4x2=7%x2). 


3+4=7 
24+3+4=74+2 
2+3+4-5=74+2-5 
2x34+447x2 


2x3+4x2=7x2 


Varied Invariant Discernment 


Operation (+, —, X) Numbers All terms need to be multiplied 
to keep the equality 


The teacher used the same numbers and operation, 3 + 4 = 7, to introduce 
what an equation with one unknown is. He substituted one of the numbers with 
x which meant that the value of x was already known to the students (x + 4 = 7). 
In a similar way as in Lesson 1, a method for solving the equation was presented; 
however, as the students did not have to calculate x, the focus was on the structure 
and the solving of the equations (see Figure 6.2). In the same way, and with the 
same numbers, one equation with 2x and one with division with x were introduced 
and solved (3 + 2x = 7 and ** + 4 = 7). The three equations were on the board 


34+4=7 34+4=7 34+4=7 
xt4-4=7-4 34+2x2=7 S+4=7 
x=3 342xx= S+4=7 
3-3+2x=7-3 +4=7 
== S.4-427-4 
x=2 S- 
4 
4x% =3x4 
6x _ 12 
E E 
x= 2 


FIGURE 6.2 Three equations with one unknown on the whiteboard, x + 4= 7,3 + 2x =7. 
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simultaneously and thereby provided a contrast, showing, for example, how x can 
differ in an equation with one unknown. 


Varied Invariant Discernment 
The making of equations Method of solving The structure and solving of equations 
with one unknown with one unknown 


Analyzing teaching about the derivative in relation 
to students’ learning outcomes 


In the following example taken from Ryberg (2018), we will show how an analy- 
sis of teaching may be related to different aspects of students’ learning outcomes 
and discuss what conclusions may be drawn. The object of learning concerned 
the concept of the derivative and specifically discerning the graphical relationship 
between a function and its derivative. The study encompassed two lessons in a 
mathematics course at Swedish upper secondary school. In mathematics educa- 
tion, the importance of both procedural knowledge, which is essential for dealing 
with mathematical problems and calculations, and conceptual knowledge, which 
is essential for developing robust domain capabilities and in navigating the use 
of procedural knowledge, has been widely discussed. The object of learning in 
this study connects primarily to developing conceptual knowledge about (graphi- 
cal aspects of) the derivative and was justified by the teacher-researcher group 
in relation to the tendency for students’ knowledge of derivatives to focus on the 
procedural handling of polynomials (such as x or x’) finding the derivate (or anti- 
derivative) of a function, which limits the understanding of the derivative from a 
broader perspective. 

In the first phase of the study, two ways of teaching about the graphical aspect 
of the derivative were developed in a learning study. Four critical aspects were 
identified in this phase: 


e that the derivative can be both a function and the tangent at a point 

e the relationship between the tangent (at a point) in a graph of a function and the 
value (at the same point) in the graph of the derivative of the function 

e that the graph of a function and the graph of the derivative of the function are 
generally different from each other 

e the importance of the zeroes and turning points of the graphs 


The two lesson designs that were developed aimed to focus the students’ atten- 
tion on these critical aspects. The two lesson designs differed, for example, in the 
types of examples used, and how they were portrayed. This variation is summa- 
rized in Table 6.2. In addition to this overarching pattern, there was also variation 
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TABLE 6.2 Dimensions of variation opened in lesson design 1 and lesson design 2. 


Dimension of variation Lesson design 1 Lesson design 2 

Representation of function (variation Variant Invariant (graphical) 
(values): Algebraic or graphical) 

Type of function (variation (values): Invariant (polynomials) Variant 


Polynomials and others) 


with respect to specific functions and examples that in different ways overlapped 
and deviated from the dominating pattern. 

In lesson design 1, in all parts of the lesson both algebraic and graphical repre- 
sentations were used to describe functions and their derivative or anti-derivative. 
The examples of functions included known functions (specifically polynomials 
such as a X x? + b). 

The second lesson design more exclusively used graphical representations and 
explicitly related the graph ofa function to its derivative or anti-derivative function 
graph. The examples of function included both functions that could be related to 
algebraic functions recognizable by the students and functions that could not, and 
thus had to be discussed purely on the basis of their graphical representation. 

In the second phase of the study, these two lesson designs were systematically 
compared to each other, with respect to what the students learned, that is, the lived 
object of learning. This can be described as a double-treatment design. To yield 
a better comparison, the study design attempted to reduce various contextual ef- 
fects not related to how the content was taught. For example, the allocation of 
students into groups taking part in different lessons was randomized and neither of 
the teachers teaching the two designs were the students’ normal teacher. 

An important motivation for comparing the two different lesson designs was 
to gain insight into the lived object of learning and to relate this to the enacted 
object of learning in the two cases. This was done in two ways. The primary means 
was a knowledge test for the specific object of learning (the graphical aspects of 
a function and its derivative). As a complement, interviews with a selection of 
students were also carried out. The students’ knowledge after teaching was related 
to a measure of the knowledge before teaching, through an equivalent pre-test re- 
garding the object of learning and a broader knowledge test regarding functions, 
adapted from literature. In this study, particular care was taken to use well-founded 
and stable knowledge tests. 

Both lesson designs had a significant and positive effect on the students’ knowl- 
edge as measured by the pre- and post-tests, but lesson design 2 clearly more 
so. Students with a higher level of knowledge beforehand (regarding functions) 
showed a larger gain, and for these students, there was also a larger difference 
between the two designs in favor of lesson design 2. The latter result indicates that 
the lesson design with respect to students’ learning about the object of learning is 
dependent not only on the teaching as such but (not surprisingly) also on relevant 
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student knowledge before the lesson. An analysis of this may be that aspects re- 
lated to the properties of functions are critical for understanding the properties of 
the derivative of functions but are not directly addressed in the lesson. If students 
are capable of discerning these aspects, the lesson design is more appropriate and 
“effective”. 

The interviews paint a complementary picture by allowing students to expound 
on their reasoning in relation to the problems they met in the knowledge test. Stu- 
dents who had taken part in lesson design 1 typically referred to procedural rea- 
soning with a strong dependence on the algebraic representation of functions (in 
the form of polynomials), when reasoning about how the graph of the derivative 
of a function might look and having access (only) to the graph of the function. 
They compared the graph in question to known graphs of polynomials, deduced 
the derivative of such a polynomial (through the power rule), and then translated 
to what the corresponding graph would look like. It may seem counterintuitive that 
students employed this kind of procedural reasoning and reliance on the algebraic 
representation, given their exposure to the simultaneous presence of both graphi- 
cal and algebraic representation in the lesson. It seems that the students may have 
focused on the representational variation for the function and for the derivative, 
making use of their established knowledge about the derivative within the alge- 
braic representation. In contrast, students who had taken part in lesson design 2 
(only using graphical representation, Figure 6.3) often reasoned in terms of differ- 
ent parts of the graph (with different characteristics, such as negative or positive 
slope), and how corresponding parts of the graph of the derivative would look, 
then matching the alignment of the different parts. It seems that the students, in 
this case, may have focused more on the variation between different functions in 
the graphical representation, thus fostering discernment of the direct relationship 


FIGURE 6.3 One of the figures used in lesson design 1. The curve A corresponds to a 
polynomial of the second order (x2), D to its derivative, a polynomial of 
the order x1, C to its antiderivative x3, and B to the derivative of D (con- 
stant value corresponding to the order x0). 
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between a function and its derivative in this representation. This outcome has a 
direct correspondence to the analysis of the main difference in what varied in the 
two lesson designs. 

Judging from the qualitative data in the interviews, the difference in the lived 
object of learning between the two lesson designs is larger than the knowledge test 
indicates and is also qualitative in the sense of the resulting aspects of mathemati- 
cal knowledge. This indicates that it is important to investigate the lived object of 
learning from a broad perspective and also to consider which paths to further learn- 
ing may be available from a specific learning outcome. 


Analyzing teaching about price as a function of supply and demand 


Analyzing teaching may focus on untangling different aspects and building on pre- 
vious studies. Marton and Pang (2013) and Pang and Marton (2013) carried out a 
partial replication of a previous learning study, moving further and trying on the 
one hand to assess whether the conjecture from the previous analysis was valid 
and on the other hand whether the main critical aspects could be represented in the 
teaching situation in the form of a learning material. Marton and Pang’s study took 
Lo et al., (2005b) as their starting point. In Lo et al.’s study, the object of learning 
was to discern price as a function of demand and supply, in the context of teaching 
10-year-old students in Hong Kong. The key difficulty connected to this object of 
learning is that young students tend to see price as a function of the attributes of 
goods. For example, a high price is attributed to the goods in themselves and linked 
to them being beautiful, of high quality, etc. Price is thus not connected to demand 
and supply and other market conditions, in contrast to the conceptualization in 
economics, where the relationship between demand and supply is the essential ex- 
planatory factor for the price of the goods. 

Lo et al. planned a double lesson for teaching about price as a function of supply 
and demand. The students formed groups in which auctions of four items (different 
toys or items popular among children in Hong Kong at the time) were carried out 
several times under different conditions. These conditions varied according to pat- 
terns of variation. First, the supply varied (number of items of the toy auctioned) 
while keeping demand invariant (same students with the same amount of money). 
Then the demand varied (change in the money available) while keeping supply 
invariant. Then the teacher engaged the class in a discussion of the case of supply 
going down and demand going up. This plan for teaching was carried out in five 
different classrooms. Lo et al. investigated the lived object of learning through 
interviewing children and categorizing the answers with respect to an established 
phenomenographic outcome space regarding the understanding of price as a func- 
tion of supply and demand. It turned out that with respect to this measure, stu- 
dents in one of the classrooms developed a sophisticated understanding to a much 
larger degree than students in the other classrooms, that is, the frequency of the 
target conception — being able to discern price as dependent on both demand and 
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supply — in one of the classes increased from about 10% to more than 60%, while 
in the other classes, it increased from about 6% to about 15%. The teaching in this 
classroom differed from the other classrooms in one, seemingly less important, 
respect — the items in the auctions stayed the same (invariant) rather than shifting 
between auctions — and Lo et al. conjectured that this difference was critical in re- 
lation to the students learning even though reasoning about price is not dependent 
on this aspect from a content perspective. The variation of supply and then demand 
separately while keeping the good invariant most likely made differences in price 
more visible for the students compared to the condition where the good varied. 

Marton and Pang followed up on this conjecture, attempting to isolate the key 
element in the conjecture into the teaching design in such a way that other differ- 
ing factors that could affect the possibilities for learning enacted in the teaching 
should not impact the outcome. This was achieved through incorporating the key 
patterns of variation into a text and a computer-based learning resource, in which 
students could bid for items in auctions. This shifted teaching away from depend- 
ing on the teacher’s enactment, offering a more independent format for teaching 
and learning to the students. The learning resource was almost identical, different 
only in that one always auctioned the same item, such as a box of candy, while the 
other varied the items between each round of auctions. The participating students 
interacted independently with the learning resource for approximately 90 minutes, 
all in all 78 Grade 4 students, taken from four different classes in the same school 
in Hong Kong. 

The students’ session with the learning resource was structured into four rounds. 
In the first round, which served to introduce the students to the auction game, each 
student was given HK$400 to spend obtaining as many items as possible of the 
nine auctioned. After the auction ended, the average price of the different items was 
shown to the student, allowing him or her to relate the price and changes in the price 
to the conditions and changes in the conditions (intended to focus on the conditions 
in terms of supply and demand). The two versions of the learning resource (same 
goods vs different goods in the computer program) differed, as previously men- 
tioned, only in whether the item was the same for all nine items (a box of candy) 
or whether it varied (different kinds of snacks). In the second round, demand was 
varied though decreasing the money available for the student to HK$200, while 
the auctioned items were the same. In the third, attention was shifted to the sup- 
ply dimension, which was varied through reducing the number of items to seven, 
while the amount of money was the same. For students that interacted with the 
learning resource where the auctioned items varied, this time different kind of balls 
were auctioned, while it was still boxes of candy for the others. In a fourth round, 
both supply and demand were varied, through reducing the number of auctioned 
items to six, while increasing the auction money to HK$400 (again). The learning 
resource where the goods varied now featured six different decorations. The stu- 
dent was then asked to consider what would happen to the price if the supply was 
increased (to 11 items) while the purchasing power decreased (to HK $100) and 
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try to predict whether the price would go up or down. The session was concluded 
with a short five-minute summary of key points given by the researcher (the same 
irrespective of which learning resource was used). 

The lived object of learning, that is, the students’ understanding of price, was 
investigated through asking students questions about the price of hot dogs (pre- 
test) or a box of biscuits (post-test) in the school shop and how it might change in 
different circumstances. This was similar to how it was investigated by Lo et al. 
(2005b). These questions were administered to all students as a pre-test and as a 
post-test directly after the learning session. 

Comparing the pre- and post-test results clearly showed that students who used 
the learning resource where the auctioned item stayed the same (invariant) outper- 
formed the group where it varied, thus confirming the conjecture from Lo et al. In 
the first group, answers classified in the most advanced category of understanding 
(demand and supply) increased from about 13% to more than 40%, while in the 
other group, it changed from about 13% to about 15%, which corresponds to a 
statistically significant difference. It may be noted that while it was confirmed that 
keeping the irrelevant aspect of the goods invariant was more favorable for the 
students’ learning than allowing it to vary, there still may be systematic differences 
in the outcome depending on how these lessons are enacted. In Lo et al., teaching 
was traditionally organized with a teacher, and groups of students interacting in the 
classroom, while in Marton and Pang, it was enacted using a computer-based learn- 
ing resource. Even though the results are not completely comparable, the learning 
outcome was even stronger in Lo et al.’s study. However, such conclusions would 
need to be tested through planning and analyzing teaching anew. 


Notes 


1 Aperson spent one-third of his savings on one CD player and three CDs for 165 crowns/ 
CD. He paid 1975 crowns. How much were his savings? 

2 Three sisters are 40 years together. The middle sister is 5 years older than the little sister. 
This year the oldest sister is 3 times as old as the little sister is. How old are the sisters? 
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WAYS FORWARD 


In the preceding chapters, we have described a systematic framework to be 
used in teaching and developing teaching for learning. We have detailed and 
illustrated how and why it would be worthwhile for teachers, for teaching, and 
for student learning to engage in planning and analyzing teaching using the vari- 
ation theory of learning. Fundamental to this approach is a belief that at the heart 
of teaching and of education, as such, lies the ambition to offer rich learning 
opportunities for students about a number of specific things, and of course to 
encourage molding the knowledge of these different things into a whole over a 
longer period of time. Variation theory has been specifically developed as a pow- 
erful tool to facilitate this and is anchored directly in the relationship between 
teaching and learning. 

At the outset of the book, we referred to the context in which much of the work 
described originated. It attempted to rise to the challenges presented by the con- 
temporary curriculum reform in Hong Kong and the acute observations of the dif- 
ferences in the characteristics of teaching practice in the US, Germany, and Japan 
reported in the book The Teaching Gap, through drawing on the lesson-study tra- 
dition as well as new ways of understanding the mechanism of learning, which 
emerged from the phenomenographic tradition in the form of the variation theory 
of learning. 

Since the traditional Japanese lesson study was introduced in the Western world, 
the interest in teachers’ collaborative work with co-planning and analyzing lessons 
has grown over the years. Now most teachers have probably heard about lesson 
study. Lesson studies and learning studies are currently carried out in large parts 
of the world and have most likely contributed to improved and refined teaching in 
classrooms. 
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The kind of challenges that we face in teaching, learning, and education are 
enduring. However, as the whole of the argument of this book shows, the toolbox 
that may be used to address these challenges is coherent and the use of these tools 
is grounded in successful and detailed experiences. A lot of hard work remains to 
ensure that they are utilized more broadly, but as dedicated teachers and research- 
ers, we are convinced that this will happen. 

Again, in our attempt to provide the best learning opportunities possible for 
our students, we believe that careful planning of teaching and analyzing what stu- 
dents learn from that teaching are key. This book has shed light on how a learning 
theory — the variation theory of learning — can be used as a tool by teachers to 
further enhance their craft when planning lessons on their own or in collaboration 
with others. More precisely, in this book we have argued that: 


1 The object of learning needs to be at the front and center of teaching. 

When we have an object of learning as a target capability, we can direct atten- 
tion toward what students need to learn to grasp that object of learning. The 
object of learning is always in the center, in the planning and enactment of the 
lesson, and after the lesson in the reflection over the lesson. What is learned 
about teaching and learning of an object of learning is knowledge that can be 
used in future teaching. 

2 What is taught is reflected in the students’ learning. 

We have argued that the relationship between teaching and learning needs to be 
considered. For example, in teaching, it is of decisive importance for students 
“what actually comes to the fore of their attention, that is, what aspects of the 
situation they discern and focus on” (Marton et al., 2004, p. 5). If it is not made 
possible to experience certain critical aspects in a lesson, we cannot expect that 
the students will learn what was aimed at. 

3 A student perspective on the object of learning must be taken into account in 

teaching, and this can be articulated in terms of aspects of the object of learning 
that are critical for the students’ learning. 
We need to explore how the students understand the content taught in order to 
be able to draw conclusions about the critical aspects of the object of learning. 
Identifying the critical aspects helps to identify what to teach, since it is the 
critical aspects that need to come to the fore of the students’ attention by means 
of variation. 

4 Teaching has much to gain from drawing on a theoretical base. 

The variation theory of learning is useful for seeing relationships between 
teaching and learning and points out variation as the key mechanism for learn- 
ing. Nuthall (2004) suggested at the beginning of the 2000s that teachers need 
a theory that can make such connections. He wrote that “[s]uch a theory should 
let teachers know what to look for and how to interpret what they see when they 
are monitoring student learning. It should allow a teacher to predict, with some 
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certainty, how a particular kind of activity will shape the learning of different 
kinds of students in different contexts” (Nuthall, 2004, p. 277). We believe that 
variation theory offers such conceptual tools. When teachers use a theory, they 
get an opportunity to view teaching in another way and get a common vocabu- 
lary to talk about teaching and learning. They can focus on a common object of 
learning and discuss what the critical aspects may be for a particular group of 
learners. 

5 Analyzing teaching may offer empirical insights into what is enacted in class- 

rooms and may point to important relationships between teaching and learning. 
It may also indicate changes in teaching that may enhance learning opportuni- 
ties regarding critical aspects. 
Analyzing differences between the intended (the planned), enacted (what was 
made possible to learn), and lived object of learning (student learning) can help 
to understand why the intentions with regard to a lesson do not necessarily need 
to be the same as what students learn. An analysis of teaching can also indicate 
how students experience what is taught during the lesson, which can be of great 
importance for identifying critical aspects. 

6 Systematic improvement of teaching in collaborative processes such as learning 

studies improves the opportunities to identify appropriate change, and to con- 
tribute to well-founded knowledge about teaching regarding different objects of 
learning. 
Twenty years of research making use of learning studies has shown that teach- 
ers’ collaborative and systematic work in learning studies can identify new 
knowledge about teaching a specific topic. This knowledge can be shared and 
communicated to other teachers. As stated previously, critical aspects can be 
tested and further refined by other teachers (cf. Morris & Hiebert, 2011). Partici- 
pation in collaborative planning of teaching can also be beneficial for prospec- 
tive teachers during teacher education, as it connects theory to practice. It has 
been argued that prospective teachers may regard theories as irrelevant to learn 
and use if the theories are not related to concrete and evident teaching problems 
during teacher preparation (Sugrue, 1997). 

7 There is no contradiction between being student-centered and content-focused 

that is, understanding students as learners and understanding the content. 
As a teacher you need to understand both how your students understand the con- 
tent and you need to have a deeper understanding of the content yourself. To be 
student-centered you need at the same time to be content-focused in order to act 
as a teacher to facilitate student learning about particular content. 

8 Teachers embody central knowledge for teaching and learning, and have both 
independent and collaborative agency in producing as well as making use of 
such knowledge. 

A strong trait of the lesson and learning study tradition is that the perspective 
taken is that teachers have the primary agency in relation to teaching and in the 
development of teaching for learning. As such, the teachers are independent and 
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act on their own professional volition, and are the primary producers of knowl- 
edge in this kind of enterprise. The outcome enriches the teachers’ professional 
knowledge, individually as well as collectively. 


Next, we will turn our attention to paths forward in our quest to help teachers to 
improve student learning. 


Moving forward with improving teaching 


You may have thought about why the examples of teaching in this book go into so 
much detail regarding the content that in some cases it might have been difficult 
to follow if you are not teaching the specific subject and grade level in question. 
We argue that when talking about teaching this is the level of detail (grain size) 
needed, to be able to plan and analyze teaching to enhance student learning and 
reach the kind and level of student learning we have pointed out in this book. We 
hope that this book has encouraged you to reflect over your own teaching in new 
ways and how you can improve your students’ learning. We also hope to inspire 
teachers’ collaborative planning of teaching and investigations of student learning. 
Working collaboratively, we have a greater opportunity to identify critical aspects 
for the most difficult objects of learning. If we want to further understand why 
many students do not learn what we want them to learn with the support of the 
teaching offered to them, for instance, to deal with fractions in mathematics, think 
critically in social science, or develop certain writing or reading skills, we need to 
figure out what it takes to have and learn these capabilities. We see such work as 
fundamental in building a stronger knowledge base for the teaching profession. In 
the long run, we hope teachers’ collaborative practices with planning and analyzing 
teaching (e.g., in professional learning communities collaborating in the form of 
lesson studies or learning studies) can significantly contribute toward that teachers 
are vital actors regarding the knowledge development in relation to the teaching 
profession. We also hope, and see as most important, that such practices have a 
considerable and beneficial impact on student learning. 


Moving forward as an individual teacher 


An individual teacher or a group of teachers can refine teaching to enhance student 
learning using the principles described in this book. Variation theory can be a use- 
ful tool for teachers in planning their daily lessons. Identifying critical aspects of 
an object of learning and making the critical aspects discernable in teaching ac- 
tivities can make a huge difference for students’ learning. Inspiration can be taken 
from learning study practice to influence daily practice of planning teaching, for 
instance, identifying critical aspects and using variation theory in the planning of 
lessons. Insights about critical aspects can be identified from research studies about 
the subject matter. Nowadays many studies are published with open access and are 
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thereby easily found on the web. Interview studies on how students understand a 
particular content can provide insights into critical aspects of an object of learning. 
As a teacher, you can make pre- and post-tests or short interviews with students us- 
ing task-based questions. From such tests and interviews, conclusions about criti- 
cal aspects of the object of learning can be drawn. Being sensitive to how students 
understand the object of learning will help in making decisions about what to teach, 
since teaching involves making the critical aspects visible. Teachers can use pat- 
terns of variation to bring critical aspects to the fore of the students’ attention in a 
systematic way and thereby create richer learning opportunities. 

High-quality teaching needs to be prioritized and takes time to prepare. There- 
fore, principals working in schools need to ensure that teachers have the profes- 
sional space and time for doing this important work in collaboration with other 
teachers. Our experience of working collaboratively with teachers in designing 
teaching using the variation theory of learning is that teachers find the theory pow- 
erful and continue to use it after participating in learning studies. When teachers 
see that student learning increases as a result of how they handle the content in the 
lesson (see Clarke & Hollingsworth, 2002; Guskey, 2002), they often continue to 
value and further develop the approach used in the classroom. Over time, this is a 
path to developing expertise in teaching, in which learning about content and learn- 
ing about the students as learners strengthen each other. 


Moving forward as a professional collective 


Conducting learning studies regularly can be one way to jointly develop the teach- 
ing in schools. Participation in learning studies also provides opportunities to learn 
variation theory and understand how it can be used. Learning to use variation the- 
ory takes practice and time, although the basics of the theory are often easily ap- 
plied (Ko, 2012; Royea & Nicol, 2019). Analyzing lessons sharpens the teacher’s 
professional eye to be more analytic and reflective about teaching and learning. An 
important part of moving forward as a collective is to listen to and discuss other 
teacher groups’ findings from learning studies. 

We have seen many examples of how entire schools have changed when the 
teachers have been involved in collaborative planning of lessons using variation 
theory, conducting learning studies, or planning ordinary lessons with variation 
theory. When discussions are directed toward the teaching, what students are sup- 
posed to learn, and how to accomplish that learning, the results in terms of student 
learning can increase. For example, when one compulsory school in one of the most 
economically disadvantaged areas in Sweden focused on collaborative planning of 
teaching (in line with the ideas presented in this book), the percentage of students 
in the ninth grade who were eligible for upper secondary school (10-12th grade) in- 
creased during a two-year period from 48% to 72% (Hallonsten, 2021). The teach- 
ing culture at the school changed immensely, becoming more focused on how the 
content was handled in the classroom and what students learned from that teaching. 
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The key aspects we have seen of changes of this kind have been that the teach- 
ers share a direction and turn their professional attention to teaching, learning, and 
objects of learning. A professional learning community is to a large extent bound 
together by a discourse in which there exists a shared vocabulary to expound on 
the issues in the classroom that teachers would like to address. Variation theory as 
described in this book would go a long way toward constituting such a shared dis- 
course and has had, in our experience, a profound effect when it has formed a core 
in the work of professional learning communities. 


Moving toward a body of knowledge about teaching 


Cai et al. (2020) argue in the paper “Addressing the problem of always starting 
over” that teachers’ professional knowledge about teaching is individual rather 
than collective. Valuable insights about teaching at a smaller grain size (e.g., 
lesson-level) are seldom made available for other teachers. They argue that “the 
knowledge that contributes to designing ambitious learning opportunities, and that 
is often developed by studying students’ responses to these learning opportunities, 
is a kind of professional knowledge analogous to the knowledge developed in other 
professions to improve daily practice” (Cai et al., 2020, p. 132). In the same way 
as other professions accumulate knowledge about their practice, for example, in 
the medical profession how to best cure a certain disease or wound, teachers can 
also systematically improve their practice by investigating and sharing knowledge 
about how specific acts of teaching affect student learning and learning from that 
experience. Findings about teaching specific topics from investigations of teaching 
in, for example, learning studies, lesson studies, design research, or other interven- 
tions, can be the nexus from which professional knowledge about teaching is built. 
Cai et al. (2020) argue that we need to discuss “what kind of knowledge is most 
useful for teachers when they are in the midst of planning, enacting, and revising 
lessons for instruction. (...) [T]he field could benefit from precise descriptions of 
aspects of this knowledge that can be preserved, shared, and gradually improved 
over time” (Cai et al., 2020, p. 131). They also argue that the grain size of this 
professional knowledge about teaching should be on the “lesson level” in order to 
be useful for teachers. 

One way to communicate findings about teaching to other teachers is a descrip- 
tion of: the object of learning, the critical aspects identified, the patterns of varia- 
tion used to make the critical aspects noticeable for the students, and examples of 
activities that have the potential to bring the critical aspects to the fore. Teachers 
can share such descriptions with each other, while still being open to different 
ways of enacting the lesson, as opposed to seeing these descriptions as a script for 
the lesson. The critical aspects can be tested by other teachers and more precisely 
defined. A continuous refinement of teaching and analysis of student learning can 
help in gaining insight into the relation between teaching and learning. An impor- 
tant aspect of this is to make the knowledge public, for example, in the form of 
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writings, collections of examples, descriptions of lessons, or videos. This allows 
for other teachers and researchers to try out insights in additional contexts, giv- 
ing greater stability to what is included in the body of knowledge and refining it 
further, and thus contributing to an accumulative professional body of knowledge. 


A vision of change toward a content-oriented approach 
to teaching in schools 


Our vision for the future is a change toward a content-oriented approach to teach- 
ing for the enhancement of student learning and teachers’ professional knowl- 
edge. We have argued that it is in the details of teaching specific content and 
student understanding of that content that we can identify what is of decisive im- 
portance. One important step toward this is teachers’ collaborative planning and 
evaluation of teaching and student learning of specific subject matter. We believe 
that such skills must be learned and practiced by both in-service and prospective 
teachers. The teacher education program is an important arena for learning about 
practical theories that are useful for designing and evaluating teaching, and for 
practicing such skills in collaboration with teacher educators or practicing teach- 
ers. Planning and analyzing teaching collaboratively also needs to be a regular 
practice during a school year and not a once-a-year event. It is key to develop a 
culture of collaborative planning and analysis of teaching where teachers learn 
from one another, between schools on a local level, as well as on a national level. 
Teachers working in collaboration with researchers has proved to be a good way 
of developing this culture. We invite the reader of this book to also contribute to 
this development. 

The need for such a development is underlined by the discourse surrounding 
much of the international (and national) discussion regarding the situation of the 
educational system and how to “improve” it. This discussion tends to look for 
general measures in the form of universal pedagogical methods, improved teacher 
competence, or changes in the assessment system. Our belief is rather the opposite, 
that such generic answers to a large extent may not be found and that good out- 
comes of teaching and learning depend on many nuances and hard work. However, 
for such hard work to be possible, and common, in schools, basics such as compe- 
tent teachers, stable student groups, and time available for preparation and teaching 
that is reasonable in relation to the scope and ambition of the curriculum, must be 
in place. Further, teaching will necessarily involve many aspects and topics that 
are not in need of the detailed attention and nuances of pedagogical knowledge de- 
scribed in this book (i.e., that are not difficult to learn for most students if attended 
to in the classroom), and the long-term retention of gained knowledge will also 
be dependent on proper amounts of repetition, assessment, and a broadening of 
the context in which various objects of learning have been experienced. Widening 
our scope from the lesson or small set of lessons mainly considered in this book, a 
further development of research may result in clearer guidance on domain progress 
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(in terms of developing constellations of domain capabilities and understanding of 
central objects of learning). 

Further, in setting the framework of the school system it would make a large 
difference to consequently foreground the perspective of the importance of making 
the approach to teaching and learning we have described in this book possible and 
structurally encouraged. This implies to attend to how the object of learning may be 
front and center in, for example, teacher education, assessment criteria, curriculum, 
support materials, framework and content of professional development, internal 
organization of schools, and in the structure of teachers’ daily work. In the vari- 
ous national school systems, we are aware of, considerable changes are wanting to 
make this a prominent feature rather than initiatives dependent on individuals or 
small communities of teachers. However, we are convinced that progress is on the 
way in many contexts. 

Finally, in this book we have argued for a content-oriented approach to teach- 
ing and taking the object of learning as the point of departure. Such an approach is 
hardly best for everything but is reasonably helpful when we try to find out what the 
learners need to learn, how to teach them, and what they actually manage to learn. 
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